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INTRODUCTION: DEFINITIONS AND GOALS OF THE WORKSHOP 


The Workshop on Chronic Suppurative Otitis Media: Etiology and Management was held in Pittsburgh on August 
29-30, 1985, as part of an ongoing series sponsored by the Otitis Media Research Center of the Children's Hospital of Pitts- 
burgh.'* The need for such a workshop became evident for the following reasons: 1) chronic suppurative otitis media re- 
maining a persistent health care problem, with its attendant morbidity and potential life-threatening complications, 
despite remarkable advances in medical and surgical management of otitis media; 2) the seemingly increased incidence of 
the problem in infants and children, due to the rise in popularity of the myringotomy and tympanostomy tube procedures; 
3) the paucity of information currently available from laboratory and clinical studies on every aspect of the disease, which 
leaves the clinician without a standardized management plan; 4) recent concern over potential ototoxicity of ototopical 
agents, the most common initial method of treatment; 5) concern that major middle ear and mastoid surgery, which has 
been the usual management option for patients who fail oral antimicrobial/ototopical treatment, may be prevented in 
many children by the use of parenteral antimicrobial therapy; 6) recent reports that long-term parenteral therapy is feasible 
and safe on an ambulatory or “at home" basis; and, finally, 7) no similar workshop has been convened from which the pub- 
lished proceedings have been made available to physicians who provide health care to children. There has been past interest 
in this disease as it relates to high-risk population groups, such as American Indians, Alaskan and Canadian natives, and 
Australian aborigines. 


Related to these needs, the workshop had four main goals: 1) to determine our state-of-knowledge of the cause, 
pathogenesis, management, prevention, complications, and sequelae of chronic suppurative otitis media in children; 2) to 
reach consensus on a management/prevention plan; 3) to recommend areas that require basic and clinical research to better 
understand the disease and improve the health care of our patients; and 4) to disseminate this information to the health care 
community. 


To accomplish these goals, we invited experts in otolaryngology, pediatrics, infectious diseases, pharmacology, and 
microbiology to share their knowledge. This was not an easy task, since most of the questions being asked had not been ad- 
dressed previously. For this workshop, we defined chronic suppurative otitis media as a stage of ear disease in which there is 
infection of the middle ear cleft in association with a nonintact tympanic membrane and discharge. The workshop con- 
ferees recognized that the disease can occur when no defect of the tympanic membrane is present, when no active discharge 
is apparent, and can be associated with a cholesteatoma; however, the workshop did not address these conditions. 


We are indebted to Miles Pharmaceuticals, Division of Miles Laboratories, Inc, for their financial support of this 
workshop and for the publication of the proceedings. 


Charles D. Bluestone, MD 
Margaret A. Kenna, MD 
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EPIDEMIOLOGY AND NATURAL HISTORY 


EPIDEMIOLOGY AND NATURAL HISTORY OF CHRONIC 


SUPPURATIVE OTITIS MEDIA 


MARGARET А. KENNA, MD 


Chronic suppurative otitis media (C Supp OM) without 
cholesteatoma occurs as a complication of untreated, or 
inadequately treated, acute otitis media (AOM).' Since 
the advent of antimicrobial therapy, the incidence and 
prevalence of C Supp OM has markedly decreased. How- 
ever, in the pediatric population it is still a significant 
disease process with associated morbidity. 


The incidence of C Supp OM appears highest in Eskimos, 
followed by American Indians, especially Navajos and 
Apaches, whites, and blacks. Zonis? examined 505 White 
Mountain Apache Indians in May 1967. Of these, 28 sub- 
jects (5.6%) had draining ears: five (1%) bilateral, and 17 
(3%) unilateral. Sixty-four percent of the patients studied 
were under 25 years of age. Johnson? studied Navajos and 
noted a similar incidence: 213 of 3,318 patients (6.4%) 
had perforations of the tympanic membrane (TM). The 
percentage of ears that were dry or draining was not men- 
tioned. Jaffe* examined 2,000 Navajo school children from 
5 to 17 years of age. Eighty-four (4.2%) had central per- 
forations, and 24 of these (approximately 30%) were ac- 
tively draining. Healed central perforations were found in 
an additional 188 children(9.4%). 


More recently, Fischler et al* noted only three ears with 
perforations in a total of 334 ears in Apache Indian chil- 
dren 6 to 8 years of age. Tschopp* compared prevalence 
rates for C Supp OM in Alaskan native children born in 
1961 to those born in 1970. The rate for those born in 1961 
was 12%, but for those born in 1970 the rate gradually 
dropped to 2.6% . Mawson and Ludman' noted that nine 
of 1,000 British school children (1%) had chronic otitis 
media (COM) with perforation on routine examination; the 
number of dry and draining ears was not specified. Her- 
zon? reported that of 140 patients, 21% developedfoto- 
rrhea one or more times with tubes in place, vh ve 
Clelland? reported that chronic drainage devefóped in 
3.6% of his patients with tympanostomy tubes. From the 
studies of Fischler et al’ and Tschopp,‘ it appears that the 
incidence of chronic middle ear (ME) disease in American 
Indians and Eskimos is declining. This may be related to 
improved medical care and changing socioeconomic con- 
ditions. However, even the more recent incidence rates ap- 
pear higher than those noted by Mawson and Ludman' in 
a primarily white population. 


All the studies cited examined the incidence of COM, ie, 
TM perforation, with or without otorrhea, at one point in 
time. None of them describe the natural history of the dis- 


ease process, except in undocumented historical terms. In 
some of the studies, patients with and without cholesteato- 
ma are not separated.‘ 


Most authors describe C Supp OM in a very specific 
population, ie, American Indians, Eskimos, etc. There are 
additional subpopulations, such as patients with cleft pal- 
ate, Down's syndrome, or midface anomalies, who are re- 
ported to have a higher than average incidence of ME dis- 
ease.'? In the American Indian population, Wiet'' notes а 
much higher than expected incidence of congenital ear 
anomalies and oral clefts. It is postulated that eustachian 
tube (ET) dysfunction in these subpopulations may ac- 
count, at least partially, for the high incidence of chronic 
ear disease. `? 


There is no adequate study, either in a subpopulation, 
where specific genetic and cultural factors may play a role 
in the development of ME disease, or in a large heteroge- 
neous group that cuts across populations, that documents 
the incidence, prevalence, and natural history of C Supp 
OM without cholesteatoma. Natural history studies in a 
time when excellent antimicrobial therapy for AOM and 
COM with effusion is available to all may not be ethically 
possible. However, based on an informal survey of pedia- 
tricians in the Dallas area performed by Dr John Nelson 
(this Supplement, p 26), C Supp OM is not uncommon, 
and many children do not get adequate or timely treat- 
ment, often from physician uncertainty about what to do 
next. There also appears to be a feeling among pediatri- 
cians, as well as some otolaryngologists, that chronic otor- 
rhea, especially that unaccompanied by pain, fever, foul 
odor, or significant hearing loss, is a "safe" or "benign" 
disease, limited to the ME and mastoid mucosa, that may 
eventually clear on its own after months or years. How- 
ever, in a recent study, Browning"? has shown that muco- 
sal disease, unassociated with cholesteatoma, can have sig- 
nificant morbidity, including brain abscess. 


This raises the possibility that there are either several 
stages of C Supp OM, starting with acute suppurative oti- 
tis media (A Supp OM) and progressing through mucositis, 
periosteitis, osteomyelitis, and cholesteatoma, or that C 
Supp OM exisjs in different forms in different populations, 
and that only some stages, or forms, are associated with sig- 
icant morbidity. Studies documenting the incidence and 
prevalence of C Supp OM in the pediatric population as a 
whole, as well as in certain otitis-prone populations, are 
needed as a first step toward early and effective treatment. 


ETIOLOGY 


MICROBIOLOGY OF CHRONIC SUPPURATIVE OTITIS MEDIA 


IN CH. LDREN 


MARGARET А. KENNA, MD 


The aerobic microorganisms present in 57 MEs of 40 children with C Supp OM without cholesteatoma were evaluated. Specimens 
were taker-directly from the ME through a patent perforation or tympanostomy tube and cultured using standard techniques. Twenty-six 
organisms were identified, with Pseudomonas aeruginosa being the most prevalent (65% of ears) and the only organism in 30% of ears. 
The initial treatment of all patients was intravenous administration of an antimicrobial selected on the basis of culture and susceptibility 
reports. This treatment was successful in all but four children, who subsequently required tympanomastoid surgery. These results indicate 
that the microbiology of C Supp OM is similar to that in patients with cholesteatoma. However, based on the results of culture and suscep- 
tibility studies, medical therapy provides a viable alternative to major mastoid surgery in the management of C Supp OM without 


cholesteatoma. 


INTRODUCTION 


Chronic suppurative otitis media is characterized by 
chronic irflammation of the ME and mastoid, a nonintact 
TM (perforation or tympanostomy tube), and discharge 
(otorrhea . When a TM perforation or defect is present, 
cholesteatoma may be the cause of the infection; however, 
most case- of C Supp OM are not secondary to cholesteato- 
ma, but -esult from a partially treated or untreated A 
Supp OM.’ Bacteria, via enzyme production, are thought 
to precipi-ate many of the suppurative complications of C 
Supp OM. 14-16 


Previous studies have examined the aerobic and anaero- 
bic bacteriology of C Supp OM.'’-'® However, the subjects 
in these s-udies either all had cholesteatoma, or the pa- 
tients wita C Supp OM were not clearly separated into 
groups wth and without cholesteatoma. The purpose of 
our study was to define the microbiology of C Supp OM 
without caolesteatoma in a group of infants and children. 


METHODS 


Betweea July 1, 1983, and July 1, 1985, 40 patients with 
C Supp CM were selected from the outpatient otolaryn- 
gology facility at Children's Hospital of Pittsburgh. Eligi- 
bility criteria were as follows: 1) persistent ME otorrhea 
through г tympanostomy tube and/or TM perforation, 
documented for at least 6 weeks; 2) failure of outpatient 
medical treatment with oral and ototopical antimicrobials; 
3) no use »f oral or ototopical antimicrobials for at least 7 
days prior to entry; 4) no intratemporal or extratemporal 
suppurati-e complication; and 5) no evidence of cholestea- 
toma. 


Each caild underwent otomicroscopic examination of 
the exterral canal, TM, and ME, as viewgd through the 
perforatica or tympanostomy tube. Discharge and debris 
were care-ully removed from the external canal, and pur- 
ulent material for culture and susceptibility was obtained 
directly from the ME through the perforation or ventilat- 
ing tube. Material was collected on a sterile calcium algi- 
nate swab«(Calgiswab, Spectrum Diagnostics) or aspirated 
through « sterile 14-gauge angiocatheter (Quik-cath, 
Travenol) into a sterile Alden-Senturia trap. Each speci- 
men was taen transported immediately to the microbiolo- 
gy laboratory, where it was plated onto 5% sheep blood, 
chocolate, MacConkey b, and colistin nalidixic acid 
(CNA) agzr; thioglycolate and tryptic soy broth were also 
inoculatec. The agar plates were incubated at 36?C in a 
5% carbon dioxide atmosphere and examined after 24 and 


48 hours. All isolates were identified by standard labora- 
tory techniques, and plates showing no growth at 48 hours 
were discarded as negative. The broth cultures were incu- 
bated at 36°С in ambient atmosphere and examined daily 
for a period of 10 days. 


RESULTS 


Patient Population. There were 18 girls and 22 boys, 
with an age range of 15 months to 17 years; the mean was 
7.8 years (Table 1). Thirty-eight children were white and 
two were black. Of the 40 patients, 23 (57.5%) had TM 
perforations, 14 had unilateral perforations, and nine had 
bilateral perforations. Seventeen patients had ventilating 
tubes, nine unilateral, and eight bilateral. 


The duration of otorrhea ranged from 6 weeks to 6 
years, with a median of 6 months, and in all cases, conven- 
tional medical management with oral antimicrobial 
agents and ototopical medications had failed to resolve the 
C Supp OM. 


Microbiology. Twenty-six species of microorganisms 
were isolated from 57 ears of 40 children (Table 2). Only 
one organism was isolated in cultures from 19 ears, two or- 
ganisms were isolated in cultures from 24 ears, three or- 
ganisms were indentified in cultures from seven ears, four 
orm: in cultures from four ears, and five organisms in 
cultus from three ears. The bacterial species most often 
isolated was Pseudomonas aeruginosa, which was present 
in 37 ears (65%); in 18 (30%) it was the only isolate. 


Seventeen children in this series had bilateral otorrhea. 
In 13 of these children (73.3%), the same organism was 
identified bilaterally: in eight, P aeruginosa was isolated 
bilaterally; in four, Staphylococcus aureus was present in 
both ears; in two, Staphylococcus epidermidis was present 
in both ears; and each of three children had Enterococcus, 
Candida albicans, or diphtheroids present bilaterally. 


When two or more organisms were present, the two 
most commonly paired were P aeruginosa and S aureus. 
Neither the child's age nor the duration of otorrhea had 
any association with the type of organism cultured from 
the ME. 


DISCUSSION 


Brook," Harker and Koontz,'? and Karma et а]! have 
all reported on the bacteriology of C Supp OM. However, 
none of these authors have discussed the duration of drain- 
age; Harker and Koontz do not give the ages of their sub- 
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TABLE 1. AGES BY SEX OF 40 CHILDREN WITH 
CHRONIC SUPPURATIVE OTITIS MEDIA 
WITHOUT CHOLESTEATOMA 





Age (yr) Male Female Total 
<3 8 3 11 
4to 6 5 4 9 
7 to 10 5 6 11 
11 to 17 4 5 9 
Total 22 18 40 


jects, and Brook studied only patients over 18 years of age. 
Also, the methods for obtaining specimens for culture 
were not uniform: Harker and Koontz and Brook used 
cholesteatoma specimens obtained during surgery under 
aseptic conditions, while Karma et al obtained specimens 
directly from the uncleaned ear canal. Pseudomonas aeru- 
ginosa was the most common aerobic organism isolated by 
Brook and Harker and Koontz, while diphtheroids, S 
aureus, and S epidermidis were isolated most commonly 
by Karma and coworkers. The difference in culture 
technique and the fact that S aureus, S epidermidis, and 
diphtheroids are the normal flora of the ear canal? may 
explain the prevalence of different organisms in these 
series. In our series, P aeruginosa was the most frequent 
isolate, followed by diphtheroids and S aureus; Proteus 
mirabilis was isolated from only two ears. 


In the present series, anaerobic organisms that may 
have been present in the ears with C Supp OM without 
cholesteatoma were not identified. Nevertheless, based on 
the results of other recent studies, '"^!??' it seems probable 
that anaerobic bacteria are associated with the inflamma- 
tory process in C Supp OM. Fairbanks? suggests that an- 
aerobic bacteria are significant in C Supp OM, with and 
without cholesteatoma, and that their presence should be 
considered when the antimicrobial drugs to be used are 
chosen. 


The question also arises as to what should be cultured: 
ear discharge, ME mucosa, or infected mastoid bone? As 
illustrated by the studies cited here, there is some differ- 
ence between the results of culture specimens obtained 
from the external auditory canal and those obtained Jom 
the ME.'-'*2 Mackowiak et al? cultured sinugfftract 
drainage in patients with chronic osteomyelitis, and found 
that if the culture was positive for S aureus, there was 
good correlation with the culture reports of operative 


TABLE 2. MICROBIOLOGY OF MIDDLE EAR ASPIRATES 
FROM 40 INFANTS AND CHILDREN (57 EARS) 
WITH CHRONIC SUPPURATIVE OTITIS MEDIA 


No. of 
Species Isolated Isolates 
Pseudomonas aeruginosa 37 
Diphtheroids 13 
Staphylococcus aureus (9 B-lactamase—positive strains) 12 


Staphylococcus epidermidis 

a Streptococcus 

Streptococcus pneumoniae 
Hemophilus influenzae, nontypeable 
Escherichia coli (8-lactamase-negative) 
Candida albicans 

Candida parapsilosis 
Enterococcus 

Pseudomonas maltophilia 
Proteus mirabilis 

Nonhemolytic Streptococcus 
Streptococcus pyogenes, group А 
B-hemolytic Streptococcus 
Pseudomonas cepacia 

Serratia marcescens 

Eikenella corrodens 

Micrococcus 

Moraxella sp 

Alcaligenes odorans 

Hemophilus influenzae, type b 
Branhamella catarrhalis 
Acinetobacter calcoaceticus 
Citrobacter freundii 

No growth 


Total 108 
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specimens. However, if the culture report of the sinus 
drainage was another organism(s), there was poor correla- 
tion with the operative pathogen. Although results from 
this study may or may not be directly applicable to drain- 
age from the ME, they do suggest strongly that the most 
accurate culture would be obtained directly from the ME, 
either otorrhea or mucosa, rather than the external canal. 


Medical management of C Supp OM has been advo- 
cated recently, either as primary therapy or as an adjunct 
to surgery.?*?* In our series, the results are encouraging, 
but further delineation of the microbiology and pathogen- 
esis of C Supp OM should lead to more effective and bet- 
ter-defined antimicrobial treatment. 


SPECIAL ROLE OF PSEUDOMONAS AERUGINOSA IN CHRONIC 


SUPPURATIVE OTITIS MEDIA 


MATTHEW POLLACK, MD 


The ear represents a microcosm of Pseudomonas disease 
as it occurs throughout the body. Within this small but 
complex anatomic area, P aeruginosa initiates infection 
and expresses virulence in a manner similar to that ob- 
served at other sites. The pathogenic versatility of Pseudo- 
monas is manifested in its ability to produce disease in 
each major structural component of the ear, as well as in 
contiguous structures. Pseudomonas aeruginosa is the 
bacterial pathogen associated most frequently with acute 
and chronic external otitis, including its most serious al- 
though fortunately rare consequence, malignant external 


otitis.?*?" Pseudomonas is also the organism isolated most 
commonly from cases of C Supp OM?*? and occasionally 
causes A Supp OM in young infants.?? Pseudomonas 
aeruginosa is also implicated in perichondritis of the auri- 
cle following trauma, burns, or ear surgery.^ 


The evidence that P aeruginosa plays an important 
pathogenic role in C Supp OM is largely circumstantial, 
although compelling. Pseudomonas aeruginosa is found 
infrequently in the normal ear, but often inhabits the ex- 
ternal auditory canal in association with injury, inflam- 
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mation, maceration, or simply wet or humid conditions. It 
rarely is associated with acute infections of the ME, but 
commonly is isolated from effusions or purulent drainage 
in cases ОНС Supp OM. In one large study,?* P aeruginosa 
was the most common pathogen isolated from the middle 
or externa. ear, or both, in children with C Supp OM. Ina 
second ser:es,?? the organism was cultured from tympano- 
centesis flaid in 72% of 50 pediatric patients with COM 
with effusion. Pseudomonas aeruginosa was isolated in 
pure culture in some cases and as part of a polymicrobial 
flora, including both aerobes and anaerobes, in other in- 
stances. Ir addition to the simple numeric prominence of P 
aeruginosa in cases of C Supp OM, the organism is isolated 
frequently and its persistence documented at the foci of in- 
vasive, destructive infection in the ME cleft, mastoid air 
cells, and temporal bone. These observations leave little 
doubt corcerning the pathogenic potential of P aeruginosa 
in chronie ME infections and their suppurative complica- 
tions. On the other hand, P aeruginosa rarely appears to 
initiate such chronic infections, becoming, involved only 
secondari y in a setting in which there have been previous 
acute infections, chronic effusions, ME epithelial damage, 
sometimes with cholesteatoma formation, TM perfora- 
tion, and or mastoiditis. Moreover, the pathogenic role of 
Pseudom»nas in this complex, chronic process is often dif- 
ficult to define and impossible to date, as the organism 
evolves msidiously from innocent saprophyte to full- 
fledged pathogen. Indeed, the difficulty in discriminating 
between simple "colonization" and "infection" by Pseudo- 
monas ir the context of C Supp OM underlies a common 
quandar- concerning appropriate therapy, particularly 
whether and when to use antibiotics with antipseudo- 
monal activity. The lack of a well-defined clinical or path- 
ologic disease entity despite the frequent association of P 
aeruginasa with C Supp OM is another outgrowth of the 
difficult- involved in clearly distinguishing primary (non- 
Pseudomonas-related) from secondary (Pseudomonas-re- 
lated) chronic processes in the ear. We are limited there- 
fore in »ur speculations concerning the role of Pseudo- 
monas im this disease to clinical and microbiologic obser- 
vations, and deductions or inferences derived from these 
observations. 


As suggested above, P aeruginosa acts primarily as an 
opportunistic pathogen in the ear, thereby reproducing its 
pathogenic role at other body sites. The pathogenesis of 
chronic suppurative Pseudomonas ME infections must be 
understeod in this context. Since P aeruginosa does not 
usually involve the normal ear, including the ME cleft, 
certain predisposing factors must contribute to its presence 
there aswell as to its ability to cause disease once present. 
These factors may include previous or repeated episodes of 
A Supp ОМ; previous antibiotic therapy; chronic or re- 
current ME effusions; structural abnormalities or injuries 
of the TM, ME epithelium, or mastoid sinuses; necrotic or 
devitalized tissue resulting from previous infections; ET 
dysfuncion; and systemic immune compromise associated 
with ccenditions such as hypogammaglobulinemia, meta- 
bolic d:sease, blood dyscrasias, chronic illness, malnu- 
trition, or, simply, immunologic immaturity. 


The virulence of an organism is based on its ability to es- 
tablish itself at a local site through attachment and subse- 
quent proliferation, to invade that site and adjacent struc- 
tures producing local and contiguous disease, and in some 
cases, *o disseminate from that site and/or release toxic 
substances leading to systemic disease. Given some previ- 
ous breakdown in normal host defense mechanisms, Pseu- 


domonas is capable of producing these three stages in the 
disease process. In the case of most ear infections, how- 
ever, including C Supp OM, the process almost always is 
restricted to the first two stages, as Pseudomonas produces 
localized disease in the ear but does not typically cause 
major systemic symptoms and rarely disseminates. Even 
so, the disease process to which Pseudomonas ostensibly 
contributes in the ME cleft can be quite severe. Moreover, 
adjacent structures (eg, TM, mastoid) are involved almost 
invariably, and if unchecked, the disease process can ex- 
tend to deeper portions of the temporal bone, lateral sinus, 
and even the brain. 


There is a close relationship, in general, between the 
ecology of Pseudomonas and its virulence, and this also 
applies to the ear. Pseudomonas is ubiquitous in our physi- 
cal environment. It has the ability to survive in competi- 
tion with other microorganisms, owing to its minimal nu- 
tritional requirements, its armamentarium of antibacteri- 
al products such as pyocyanin and bacteriocins, and its rel- 
ative resistance to antibiotics.? Although Pseudomonas 
does not normally colonize humans at most superficial 
sites, including the ear, some of the conditions mentioned 
above predispose readily to such colonization.?? This holds 
particularly for the moist environment of the ear, especial- 
ly in the setting of previous ear disease and Pseudomonas- 
selecting antibiotic therapy. 


The initial attachment of Pseudomonas to host tissues, 
the first step in pathogenesis, is thought to be mediated by 
pili or fimbriae, filamentous protein structures that extend 
from the bacterial surface.** There appears to be a clear 
relationship between Pseudomonas colonization of the re- 
spiratory tract and bacterial adherence to epithelial cells 
by means of these pili.** Fibronectin ordinarily protects 
epithelial cells from pili-mediated bacterial attachment, 
but apparently is lost as a result of cellular injury, inter- 
current illness, or merely hospitalization. Sputum from 
patients with chronic lung disease or cystic fibrosis con- 
tains high levels of protease, which appears to break down 
the fibronectin coating of epithelial cells, leading to en- 
hanced bacterial adherence.?* That cellular injury of dif- 
ferent types may play a central role in initial attachment 
of Meudomonas to epithelial cells is indicated by ex- 
peri ga studies in which the organism was seen to ad- 
here sef€ctively to desquamating epithelial cells (but not 
normal epithelium) in the tracheas of mice previously in- 
fected with influenza virus or ferrets subjected to endotra- 
cheal intubation.” This phenomenon of “opportunistic 
adherence” may represent an important initial step in the 
pathogenesis of Pseudomonas respiratory tract infections 
and, by analogy, Pseudomonas infections at other sites, in- 
cluding the respiratory-like epithelium of the ME. Recent 
work indicates that pili-mediated attachment of Pseu- 
domonas to epithelial cells is blocked specifically by the 
N-acetyl-neuraminic acid component of mucin, which is 
not thought to represent a specific receptor for Pseu- 
domonas pili on respiratory epithelium.?* It is intriguing 
to speculate about the possible pathogenic role of mucin in 
Pseudomonas infections of the ME, since this material is 
produced in copious amounts in the chronically diseased 
ear. 


Following attachment to an epithelial surface, 
Pseudomonas proliferates at the local site and produces a 
number of extracellular enzymes that act on host tissues, 
producing tissue damage and promoting bacterial inva- 
sion. Most P aeruginosa clinical isolates produce several 
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proteases; the two best characterized are so-called alkaline 
protease and elastase, both closely associated with viru- 
lence.??:*" These proteases are capable of producing tissue 
necrosis in the skin, cornea, lung, and other organs; and 
elastase promotes hemorrhage. Elastase is also thought to 
contribute to the peculiar vascular lesions sometimes asso- 
ciated with Pseudomonas disease, referred to as ecthyma 
gangrenosum when they occur in the skin.*' The mecha- 
nism for this action may be based on the ability of the en- 
zyme to effect the dissolution of the elastic lamina of blood 
vessels, a hallmark of these lesions. Although Pseudomonas 
proteases are not highly cytotoxic, they do appear to de- 
stroy connections between cells, as in the case of the 
ground substance of the cornea, and other supporting 
structures composed of elastin and fibrin. This action cer- 
tainly must contribute to bacterial tissue invasion. It has 
also been suggested that proteases make available to the 
invading bacterium various nutrients produced through 
the local tissue breakdown, thus supporting the prolifera- 
tive and invasive processes.*? Finally, proteases may im- 
pede local host defenses, not only by interrupting physical 
barriers to bacterial invasion, but by inactivating comple- 
ment components? and cleaving IgG.** The rapidity and 
degree to which Pseudomonas proteases effect local tissue 
destruction and the loss of integrity of blood vessels under- 
scores their invasive and disease-producing role. It is rea- 
sonable to assume that this role is expressed in the Pseudo- 
monas-infected ME, in which there is ample evidence for 
local tissue invasion and damage. 

Pseudomonas produces two hemolysins, a heat-labile 
protein called phospholipase C * and a heat-stable glyco- 
lipid.** These substances appear to act synergistically, de- 
grading lipids and lecithin, activities that account for their 
necrotizing properties and probably contribute to the in- 
vasive process. 


Toxin А is an interesting extracellular enzyme produced 
by a majority of P aeruginosa clinical isolates.*’ It is a po- 
tent inhibitor of protein synthesis, deriving this property 
from its ability to catalyze the transfer of the ADP-ribose 
moiety from nicotinamide-adenine dinucleotide (NAD) to 
elongation factor 2 (EF2), resulting in the inactivation of 
this important cofactor required in protein biosynthesis. “° 
On а per weight basis, toxin A is the most toxic prodgtt of 
P aeruginosa. It acts as a lethal toxin in exceeding small 
doses in a variety of animals, including nonhuman pri- 
mates‘; it is a potent cytotoxin??; and it displays necrotiz- 
ing activity in a number of tissues, including the skin, cor- 
nea, and liver.*"5'-5? Tissue necrosis produced by toxin A 
in experimental animals is readily distinguishable from 
that caused by Pseudomonas proteases in that it develops 
much more gradually, does not involve hemorrhage, and 
has distinctive histologic features.*? 


The fact that patients with localized as well as bac- 
teremic Pseudomonas infections develop brisk antibody re- 
sponses to toxin À indicates that this extracellular enzyme 
is produced and released іп уіуо.°* The functional signifi- 
cance of this fact is suggested by the demonstration that 
the protein synthesis-inhibiting enzymatic activity of toxin 
A is expressed in vivo during experimental infections with 
toxinogenic Pseudomonas strains in animals.5* Further evi- 
dence for a pathogenic role of toxin А in Pseudomonas dis- 
ease and for a protective role of toxin-specific antibodies is 
provided by the demonstration of a significant association 
between levels of such antibodies present in the serum of 
patients at the onset of Pseudomonas bacteremia and sub- 
sequent survival.**:5 


It seems reasonable to expect that an extracellular pro- 
tein with such potent biological properties as those of toxin 
A, which is produced by most clinical isolates and which is 
capable of expressing its enzymatic activity in vivo during 
infections, would play an important pathogenic role in 
local, as well as systemic, infections. This is far from 
proven, however, and the precise nature of this role is as 
yet unclear. Perhaps the simplest and most logical expecta- 
tion is that toxin А contributes to local tissue damage 
through its direct cytotoxic properties, which comple- 
ment, in a pathologic sense, the necrotizing effects of Pseu- 
domonas proteases. 


An important constituent of the outer cell membrane of 
Pseudomonas, as in all other gram-negative bacteria, is 
lipopolysaccharide (LPS) or endotoxin. This complex mac- 
romolecule is comprised of the core region or core glyco- 
lipid, which contains the biologically active lipid А moiety, 
and the O-side chain, which confers antigenic specificity 
on Pseudomonas strains of different serotypes or immuno- 
types.** The lipid A portion of the LPS molecule is thought 
to mediate many of the systemic pathologic events ob- 
served in gram-negative sepsis? Lipopolysaccharide prob- 
ably plays an important pathogenic role in local Pseudo- 
monas disease processes as well. The stimulative effects of 
LPS on multiple components of host immunity contribute 
directly to local inflammation; LPS has direct cytopathic 
properties. The LPS O-side chain, a polysaccharide, ap- 
pears to inhibit opsonophagocytosis of bacteria by phago- 
cytes and complement-mediated bacterial killing.*? 


Low-grade activity and chronicity are cardinal features 
of Pseudomonas infections of the ME. Parallels can be 
found in Pseudomonas bone and joint infections,*' chronic 
urinary tract infections in the presence of structural abnor- 
malities, and lower respiratory tract infections in pa- 
tients with chronic obstructive lung disease or cystic fibro- 
sis.9 Although the destructive power of Pseudomonas at 
local sites of tissue invasion is considerable, the process is 
usually gradual and insidious, rather than acute or fulmi- 
nant.*^^ The slow pace of ear disease, for example, may 
render it almost asymptomatic, with chronic drainage be- 
ing the only consistent sign. However, acute and recurrent 
exacerbations are also the norm, as they are in other 
chronic Pseudomonas diseases, such as lung infections in 
cystic fibrosis patients and chronic osteomyelitis following 
trauma. 


The staying power of Pseudomonas, leading to its per- 
sistence at sites of chronic infection, such as the ME, is in- 
tegral to its pathogenic role in this setting. Once the organ- 
ism has established itself at a local site of infection, it is not 
easily dislodged by host defense mechanisms or therapy. 
Some of the bacterial factors described above, which con- 
tribute to the organism's ability to colonize local sites, no 
doubt are also operative in perpetuating infection once es- 
tablished. It is easy to imagine that Pseudomonas carves 
out a niche for itself, almost literally, through the necro- 
tizing activities of its extracellular enzymes, and subsists in 
this niche by virtue of its minimal nutritional require- 
ments, successful competition with other potential para- 
sites, and relative resistance to antibiotics when these are 
introduced therapeutically. The physical characteristics of 
the niche Pseudomonas constructs for itself — damaged 
epithelium, interrupted circulation, and devitalized tissue 
— serve to sequester the organism and protect it from nor- 
mal host defense mechanisms as well as antibiotic agents. 
Moreover, within this sheltered habitat, Pseudomonas is 
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further protected by its antiphagocytic coating of exopoly- 
saccharide and 1.Р5,% a granulocytotoxic protein it pro- 
duces known as cytotoxin or ІеиКосіаіп , its complement- 
inhibiting and immunoglobulin-cleaving proteases,*^** 
and an assortment of antibiotic-inactivating enzymes.°’ 
The modisications Pseudomonas makes іп its physical en- 
vironment and the factors it produces that allow it to 
counteract? or circumvent normal host defense mechanisms 
contribute to the organism’s ability to endure indefinitely 
in the ear as in other sites of chronic infection. 


Althougn very specific or universally applicable guide- 
lines regarding the therapy of C Supp OM due to Pseudo- 
monas are not possible or even appropriate, the pathogene- 
sis of theseinfections has definite therapeutic implications. 
The subtlesdistinctions between colonization and infection 
of the ear by Pseudomonas, and the often low-grade char- 
acter of these infections when they occur, make it difficult 
to decide whether or when to institute antibiotic therapy. 
Moreover, treatment is complicated by the altered physi- 
ology and anatomy of the ME epithelium, TM, and mas- 
toid; the presence of abnormal, devitalized, or necrotic tis- 
sue sequestered from the circulation and, therefore, inac- 
cessible to 2ellular and humoral components of the host's 
immune system; and undrained pus and/or areas of osteo- 
myelitis. These circumstances suggest the importance of 
defining the extent, character, and severity of tissue in- 
volvement by infection prior to instituting therapy. This 
investigatien should focus particularly on situations that 
require surzical remedies, including drainage of pus, re- 
moval of recrotic tissue, excision of cholesteatomas, de- 
bridement of mastoid sinuses, etc. As far as antibiotic 
treatment is concerned, it is important first to evaluate the 
activity of -he infection as well as the microbiologic evi- 
dence implicating Pseudomonas as a primary pathogen. 
Following :. patient over some interval of time may permit 
an assessment of progressive versus relatively stable or qui- 


escent disease, the level and pattern of symptomatology, 
disease tolerance by the patient, and the character and ex- 
tent of hearing dysfunction. This evaluation over time 
may also allow for repeated cultures, which will indicate 
the prominence and persistence of P aeruginosa among 
bacterial isolates, particularly those obtained from deep 
tissues or freshly drained pus. 


Antibiotic therapy employing agents with antipseudo- 
monal activity should be instituted, in addition to appro- 
priate surgical intervention, when 


l. Pseudomonas aeruginosa is isolated repeatedly from 
ME drainage or on even a single occasion from previ- 
ously unexposed tissues obtained surgically; 

2. There is anatomic and/or histologic evidence of tissue 
involvement as part of a destructive process; 

3. There is a pattern of chronic, persistent, progressive, or 
recurrent disease; and/or, 

4. There is acute, intense disease activity marked by local 
or systemic signs and symptoms consistent with active 
infection. 


In designing an appropriate antibiotic regimen for Pseu- 
domonas ME infections, it is important to recognize that 
there is now a wide choice of available agents; all of these 
agents must be administered parenterally; combination 
therapy is often advisable to use the complementary thera- 
peutic attributes of two agents; and long and/or repeated 
courses of treatment will likely be necessary to control or 
eradicate the deep-seated and persistent infections de- 
scribed here. The therapeutic role of new, orally adminis- 
tered quinolone antibiotics with good antipseudomonal 
activity" is as yet unclear. These agents might be em- 
ployed for long-term curative or suppressive therapy in 
chronic Pseudomonas otitis, although potential pitfalls such 
as the emergence of resistance may limit their usefulness. 


INTERACTION OF PSEUDOMONAS AND THE HOST 


STARKEY D. DAVIS, MD 


INTRODUCTION 


This contribution will emphasize the host-parasite inter- 
action in pathogenesis. Pathogenicity is defined as the abil- 
ity of a microorganism to produce disease.5?^?"? Viru- 
lence is the "degree of pathogenicity of a microor- 
ganism.**'^' 581) At one time, clinicians and microbiologists 
focused attention on “pathogens” that cauted disease re- 
gardless of portal of entry, condition of the host, and other 
factors. Nov: we recognize the importance of many factors 
that may induence host-organism interactions and lead to 
disease. Peraaps P aeruginosa should be classified as a 
"potential pathogen" because it is able to cause disease 
under certam conditions and in certain hosts. 


Stewart" emphasized that "the germ is the starting 
point of infection," not an exclusive or even a principal 
cause of disease. He revised Theobald Smith's equation as 
follows: 


number of germs x virulence 
protective mechanisms 
This concept may be especially useful with potential 


Severity əf disease = 


\ 


pathogens such as Pseudomonas because it emphasizes fac- 
tors that influence the size of the bacterial inoculum and 
factors that might impair host resistance. 


PATHOGENESIS 


Based on the model of experimental bacterial keratitis,”! 
the sequence of events in Pseudomonas otitis may be listed 
as 1) adherence of Pseudomonas to the ear epithelium; 
2) invasion of the epithelium and subcutaneous tissue; 
3) multiplication of microorganisms; 4) induction of host 
inflammatory response; 5) encounter of Pseudomonas with 
host immune factors; 6) tissue damage; and 7) tissue repair 
and recovery. The interaction of Pseudomonas and the 
host will be reviewed using this sequence as a framework. 


Adherence. The initial phase of the infection must be in- 
oculation of Pseudomonas into the ear and adherence to 
the surface. Presumably, swimming causes Pseudomonas 
either to enter the external ear canal or to multiply rapid- 
ly. In the cornea, Pseudomonas is unable to attach to the 
normal intact corneal epithelium.” Factors that influence 
adherence, multiplication, or killing of Pseudomonas on 
the skin are largely unknown. 
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Entry Into Epithelium and Soft Tissue of Ear. The dis- 
ease must begin by penetration of the bacteria into the epi- 
thelium and soft tissue. Factors that may influence this in- 
clude submersion of the ear in water, trauma, or diseases 
that decrease local resistance. Vitamin A deficiency in rab- 
bits predisposes to experimental Pseudomonas keratitis.” 
Long-standing diabetes may result in abnormalities of the 
skin or underlying soft tissue that may favor bacterial pen- 
etration and multiplication.”’ 


Bacterial Multiplication. In experimental Pseudomonas 
keratitis following a corneal scratch, Hyndiuk’’ demon- 
strated invasion of the cornea within | hour after topical 
infection. After this time, bacterial multiplication oc- 
curred quite rapidly. Extracellular toxins from Pseudo- 
monas may play an important role in the early phase of 
soft tissue infection. 


Local Inflammatory Response. The local invasion and 
multiplication by bacteria would best be followed by a 
nonspecific inflammatory response manifested by local ac- 
cumulations of serum factors and polymorphonuclear leu- 
kocytes (PMNs). Pseudomonas attracts phagocytes and en- 
hances local inflammation.’* Because the PMN appears to 
be the principal local defense mechanism, the outcome of 
the host-parasite interaction at this point would be depen- 
dent on the resistance of the organism to local response 
and toxicity of the organism’s extracellular products. The 
interaction of organisms and phagocytic cells calls forth a 
vigorous response that may be toxic to host tissues. De- 
granulation and subsequent breakdown of phagocytic cells 
release many enzymes into the local tissue. These products 
amplify the host inflammatory response, attracting other 
phagocytic cells into the area." 


Host Immune Response. Appearance of specific antibody 
may enhance efficiency of phagocytosis and provide pro- 
tection against toxins. Lymphocytes may also play a role. 


Tissue Damage. In the cornea, much of the local tissue 
injury is now thought to be the result of the host inflam- 
matory responses. In addition, extracellular products of 
Pseudomonas undoubtedly also play a role. 


Tissue Repair and Recovery. We know little abo this 
stage specific to Pseudomonas. 


HOST-PARASITE INTERACTIONS 


Experimental Infections. Kitahara et al? reported re- 
duced resistance to Pseudomonas in diabetic mice. The 
acute death rate was not different between normal and 
diabetic mice. However, diabetic mice had increased 
numbers of bacteria in the kidney and liver. Active immu- 
nization resulted in 100% survival in all mice. However, 
organs of diabetic vaccinated mice had greater numbers of 
bacteria than did normal vaccinated mice. Treatment 
with insulin restored the resistance of diabetic mice to nor- 
mal. Immune serum from diabetic vaccinated mice was 
less effective than that from normal vaccinated mice. 


In experimental Pseudomonas pneumonia, Pennington 
et al* concluded that the ideal status for lung defense 
against Pseudomonas infection consists of lung phagocytes 
and type-specific antibody. In addition, complement com- 
ponents probably serve to enhance phagocytosis of Pseudo- 
monas in pulmonary infections. Mice congenitally deficient 
in the fifth component of complement have an increased 
mortality to experimental Pseudomonas pneumonia." 


Antibody to Pseudomonas seems to play an important 


role in Pseudomonas infection. Pseudomonas infection has 
been reported in patients with antibody deficiency syn- 
dromes. Cross et а] reported that death from Pseudo- 
monas bacteremia in patients was associated with infec- 
tion by toxin A- producing strains, presence of underlying 
disease, hypotension, and a low antitoxin level. Human 
immunoglobulins provide protection against experimental 
infection in mice."* Sawada et al"? reported that protection 
in mice was conferred by monoclonal antibodies to LPS. 
In contrast, monoclonal antibodies to outer membrane 
proteins were much less effective. Welsh et al*? reported 
improvement in rabbits with experimental Pseudomonas 
keratitis with use of topical hyperimmune plasma to Pseu- 
domonas LPS. Presumably, the antibody enhanced phag- 
ocytosis in killing of Pseudomonas at the site of infection. 


Serum Bactericidal Activity. Serum from nonimmunized 
humans kills many different species of gram-negative bac- 
teria in vitro.*' Bacteria isolated from cases of bacteremia 
are usually resistant to serum. Bacteria are killed by the 
deposition of the assembled membrane attack complex of 
complement on the surface of susceptible gram-negative 
bacteria. Strains of bacteria resistant to serum bactericidal 
activity are thought to have surface structures that in- 
terfere with the formation, attachment, and activity of the 
membrane attack complex. Serum-susceptible strains of 
Pseudomonas are probably killed both by the classic path- 
way of complement and by the antibody-independent al- 
ternate pathway of complement. Serum bactericidal ac- 
tivity probably constitutes an important first line of de- 
fense against local Pseudomonas infections.*^** 


Leukocidin. Leukocidin is a Pseudomonas toxin that 
damages human leukocytes. Earlier reports suggested that 
relatively few strains of Pseudomonas produce leukocidin. 
Нотта et al,5* using an agar gel diffusion test, found that 
almost all clinical isolates of Pseudomonas produce leuko- 
cidin. Because of the critical importance of phagocytic 
cells in resistance to Pseudomonas, leukocidin may be a 
critical factor in local infection. 


Slime. Pseudomonas produces an exopolysaccharide or 
slime. Costerton et al*5 speculated that growths of Pseudo- 
monas in microcolonies enclosed in slime may be an im- 
portant factor in the pathogenesis of Pseudomonas infec- 
tions. The slime may limit penetration of antibiotics, anti- 
bodies, complement factors, and phagocytic cells. Lahar- 
rague et al" reported that Pseudomonas slime markedly 
impaired in vitro motility, endocytosis, and phagosome 
formation of human PMNs. 


Phagocytosis. Bjornson and Michael** demonstrated 
that antibody, the classic complement pathway, and the 
alternate pathway enhanced phagocytosis of Pseudomonas 
by human PMNs. 


Weber et al*? examined the interaction of Pseudomonas 
toxins and phagocytic cells. High levels of toxin reduced 
protein synthesis in human granulocytes, but did not alter 
the ability of these cells to kill Pseudomonas. Elastase and 
alkaline protease did not directly inhibit bactericidal ac- 
tivity of granulocytes. Killing was reduced somewhat be- 
cause of inactivation of complement components. The au- 
thors concluded that these products do not modify phago- 
cytic function directly. Meshulam et al*? found that both 
mucoid and nonmucoid strains activated complement in 
human serum. 
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Baltimore and Shedd” studied requirements for com- 
plement and antibody for opsonization. Among the 14 
mucoid strains, five could not be opsonized and complete- 
ly resistec phagocytosis. All nonmucoid strains could be 
opsonizec. Strains that could not be opsonized did not 
bind com»lement (C)3 on the surface. Most mucoid strains 
required zn intact classic complement pathway for opsoni- 
zation. A number of mucoid strains could not be opsonized 
in the absence of functional alternative complement path- 
way, whereas Pseudomonas strains not obtained from 
cystic fibrosis patients were not greatly affected by inac- 
tivation о: the alternative pathway. 


Kharazmi et а1??* examined the interaction of Pseudo- 
monas extracellular products and human PMNs. Both al- 
kaline pretease and elastase inhibited chemotaxis at low 
concentrations. Alkaline protease, but not elastase, inhib- 
ited opsonized zymosan-stimulated neutrophil oxygen 
consumption. Neither enzyme had any effect on glucose 
oxidation or nitroblue tetrazolium-reducing activity. 
Elastase iahibited the reduction of cytochrome C as a 
measure cf superoxide production. Inhibition of neutro- 
phil functzon, especially chemotaxis, may have an impor- 
tant beariag on local infections. 


Lymphecytes. Cell-mediated immunity is now recog- 
nized as playing some role in Pseudomonas infections. 
Mice are protected against bacterial challenge by transfer 


of lymphocytes from Pseudomonas-immune donors.” 
T-lymphocytes from patients with cystic fibrosis are hypo- 
responsive to Pseudomonas bacterial challenge in vitro.” 
Parmely et al’ investigated the principal Pseudomonas 
antigens that are recognized by human T cells. Clones of 
human T cells were prepared against Pseudomonas anti- 
gens. Most clones were found to be specific for Pseudo- 
monas alkaline protease. Human T cells appear to recog- 
nize alkaline protease as the most potent Pseudomonas 
antigen. 


Except for acting as helper cells in antibody responses, T 
cells have been thought to have no role to play in immuni- 
ty to infections with extracellular bacteria. However, 
Markham et al?* established an in vitro system in which 
immune T cells, after re-exposure to bacterial antigens 
and to macrophages, secrete a product that kills Pseudo- 
monas in vitro. Macrophages were required for in vitro 
killing, but they did not function either as antigen-present- 
ing or phagocytic cells in that system. Supernatants pro- 
duced by immune T cells after exposure to macrophages 
were nonspecifically effective in killing unrelated bacter- 
ia. The authors suggested that this mechanism, if active in 
vivo, must play a role in local immunity. Further studies 
demonstrated that the T cell, and not the macrophage, is 
the final effector cell in the killing process. Killing of ex- 
tracellular bacteria in this mechanism involves the direct 
action of lymphokine on the bacteria. 


PATHOGENESIS 


ETIOLOGY AND PATHOGENESIS OF CHRONIC SUPPURATIVE OTITIS MEDIA 


MARGARET А. KENNA, MD 


Chronic suppurative otitis media without cholesteatoma 
is defined as otorrhea through a nonintact TM of greater 
than 6 weeks’ duration unresponsive to oral and ototopical 
medications.?* Although there is no study of the incidence 
of C Supp OM alone, without cholesteatoma, studies in 
Alaskan Eskimos and southwestern American Indians in- 
dicate that incidence peaks in the pediatric population and 
declines with аре.°!! 


EUSTACHIAN TUBE FUNCTION 


The cause and pathogenesis of C Supp OM are not entire- 
ly clear, but several factors require consideration. The in- 
cidence and prevalence of C Supp OM varies tremendous- 
ly among different population groups: Alaskan Eskimos 
appear to have the highest rate, followed by southwestern 
American Indians, whites, and blacks. Specific subgroups 
also appear to be more affected, especially patients with 
cleft palate or other craniofacial abnormalities." Wiet et 
al** have studied the anatomic skull base differences be- 
tween different ethnic populations, with special emphasis 
on ET morphology and force vectors of the tensor veli pal- 
atini (TVP) muscle. Eustachian tube function (ETF) in 
White Mountain Apaches as compared to whites has been 
analyzed by Beery et al.” These investigators found marked 
differences in both the anatomy and function of the ET. 
Specifically, the southwestern American Indians have 
“semipatulous” ETs, which may allow increased reflux of 
nasopharyngeal secretions into the ME. 


Differences in ETF may also account for the observa- 
tion that, while all of these groups have a high incidence of 
chronic otorrhea, the cleft palate population also has up to 
а 9.2% incidence of cholesteatoma.” Study of ETF in the 
cleft palate patient suggested constriction of the ET with 
swallowing in patients with persistent otitis media wit) ef- 
fusion (OME) and repaired cleft palates.'" In a тоў re- 
cent study, however, the investigators showed tha@active 
and passive tubal function were relatively normal in 80 % 
of patients, both before and after palatoplasty.'^' This 
raises the question of whether all children with cleft pal- 
ates have ET dysfunction with resulting ME disease. It is 
well documented, however, that patients with cleft pal- 
ates have a higher incidence of cholesteatoma; whether 
they have a higher incidence of C Supp OM without chole- 
steatoma is not as well documented. In a recent study at 
the Children’s Hospital of Pittsburgh,’ of 36 children 
with C Supp OM without cholesteatoma, two had re- 
paired cleft palates. 


PRIOR MIDDLE EAR DISEASE 


It is generally thought that C Supp OM is a sequela of a 
partially treated, or untreated, A Supp OM.' Politzer'^ 
considered it to be a stage of ear disease following А Supp 
OM. It seems likely that the organisms most commonly 
isolated from the external auditory canal in C Supp OM — 
P aeruginosa, diphtheroids, and S aureus'^* — gain access 
to the ME from the external auditory canal through a TM 
defect (perforation or tympanostomy tube). Although the 
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normal flora of the external auditory canal can include 
these organisms, there is no definitive experimental work 
demonstrating this mechanism. 


There are many anecdotal reports of positive cultures for 
P aeruginosa and S aureus taken from behind intact TMs 
during either diagnostic tympanocentesis or myringotomy 
with tube placement. It is known that the flora of the naso- 
pharynx can change if the patient is immunocompromised 
or on prolonged antimicrobial therapy. In these cases, it is 
theoretically possible that the infecting organism(s) re- 
sponsible for C Supp OM come(s) from the nasopharynx. 


MICROBIOLOGY 


In nearly all cases of C Supp OM, if cultures of the ME 
otorrhea, mucosa, or mastoid bone are properly per- 
formed, a pathogenic organism can be identified. To ob- 
tain an accurate culture, the patient should not have used 
a systemic or topical antimicrobial for at least 7 days prior 
to the culture being performed. Once the microorganism 
has been identified, aggressive medical management may 
effectively treat the C Supp OM. 


It is not known whether the presence of the commonly 
isolated microbiologic species in C Supp OM, such as P 
aeruginosa, S aureus, and diphtheroids, represent the 
cause of C Supp OM, or are the sequelae of underlying 
ME, ET, or systemic disease. 


Friedmann'55 produced A Supp OM in guinea pigs by 
transtympanic inoculation of the ME with various organ- 
isms, including P aeruginosa. Nearly all of these animals 
developed perforated TMs as part of the disease process. In 
a chinchilla model of A Supp OM secondary to Streptococ- 
cus pneumoniae, Meyerhoff et al'^* found histopathologic 
changes similar to Friedmann's, but behind an intact TM. 
Although this model was not secondary to P aeruginosa, it 
does, along with the anecdotal reports of finding P aerugi- 
nosa behind intact TMs, question the necessity of a nonin- 
tact TM and external auditory canal flora in the produc- 
tion of all C Supp OM. 


It is reasonable to assume, however, that once a micro- 
organism, suclt as P aeruginosa, has become established in 
the ME/mastoid system, that the bacteria (or fungus) itself 
can exacerbate the disease process. Pollack'* has recently 
reported on the pathologic potential of exotoxin A pro- 
duced by P aeruginosa, and it is well documented that P 
aeruginosa produces other enzymes, such as elastase, with 
destructive potential.'?" Therefore, even if the microor- 
ganisms isolated in C Supp OM are not the primary cause, 
they may be responsible for much of the morbidity of the 
disease. 


OTHER FACTORS 

Classically, C Supp OM is thought to be more common 
in people with sinusitis, allergy, ciliary disorders, and un- 
derlying immune deficiencies. These associations, how- 


Bluestone & Kenna, Chronic Suppurative Otitis Media 17 


ever, аге primarily anecdotal, with little scientific basis. SUMMARY 
Studies are now being performed to document the rela- The cause and pathogenesis of C Supp OM are not 
tionship »etween chronic ME effusion, ET dysfunction, clear-cut. Further evaluation of the relationship of C Supp 
and allergy. A definite association between allergy and C OM to prior ME disease, allergy, sinusitis, and other sys- 
Supp OM has not been examined prospectively. temic diseases needs to be accomplished. 


ANIMAL MODELS 


ANIMAL MODELS OF OSTEOMYELITIS 


CARL W. NORDEN, MD 


Clinical studies of osteomyelitis are difficult because of the multiple variables found in this disease. Reproducible animal models in 
rabbits, rats, and dogs have been introduced and have been useful. Each animal model has certain advantages and limitations, and the 
ideal model is not yet available. However, the models have provided us with a clearer understanding of the disease and its treatment. 
Clinical research into osteomyelitis is difficult because of the multiple variables involved in the disease process and because of the difficulty 
of standardizing treatment protocols. To perform controlled experiments in the field of osteomyelitis, it is clear that reliable animal models 


are needed. Most studies have been performed with S aureus (the major pathogen isolated from patients with osteomyelitis), but other 
organisms have also been tested more recently. 


HISTORY OF OSTEOMYELITIS MODEL RAT MODEL OF OSTEOMYELITIS 

In 1885, Rodet'®® produced experimental bone abscesses A rat model of progressive osteomyelitis was described 
in rabbits by intravenous injection of S aureus. Although by Zak et al.'? The model requires some form of trauma 
others pursued his work, most investigators found that di- to bone and injection of S aureus. Radiographic changes 
rect injection of only bacteria did not produce progressive and disease are consistent with a severe purulent osteomy- 
destructive bone lesions, but usually produced suppurative elitis. The disease produced is progressive; the model ap- 
bone lesions confined to the site of inoculation.'^? It be- pears reliable, inexpensive, and histopathologically simi- 
came clear that, in the rabbit, some form of injury to bone lar to chronic human posttraumatic osteomyelitis. Such a 
was needed in order to establish osteomyelitis; the same model should be a valuable tool for osteomyelitic research. 


appears to be true for other animal species tested. 
DOG MODELS OF OSTEOMYELITIS 


RABBIT MO ; А 
MODELS ОЕ OSTEOMYELITIS One model was developed by Deysine et al in 1976.''* 


There are two major models in rabbits presently being The technique involves injection of barium sulfate into the 
used to study osteomyelitis. Andriole et al''® used a tech- nutrient arteries of the tibia, followed by 5 aureus. The in- 
nique in which either a stainless steel pin was inserted into fection is relentlessly progressive, resulting in death of ani- 
the intramedullary canal of the rabbit tibia or a fracture mals in 4 to 16 weeks. Bone specimens reveal typical osteo- 
was placed through the middle one third of the tibia. This myelitic changes characterized by necrosis and new bone 
model produced a progressive chronic osteomyelitis with formation. A second model was developed by Fitzgerald."** 
typical radiographic changes, sequestrum, and new bone A cortical window is cut into the tibial metaphysis, the un- 
formation. This model is a good example of osteomyelitis derlying cancellous bone is removed, and $ aureus is injected 
that develops as a complication of internal fixation de- into the defect, which is then filled with polymethylmeth- 
vices. A second model used was originally developed by acrylate. The model produces a localized progressive oste- 


Scheman et al in 1941!!! and has been refined extensively omyelitis, as demonstrated by radiography and histology. 
by Norden and Kennedy since 1970.!!2 This model in- 


volves the intramedullary injection of 5% morrhuate so i- l The canine models of osteomyelitis use wn animal of suf- 
um, a mild sclerosing agent, into the tibial metaphys. ficient size to evaluate multiple operative procedures, and 
The morrhuate is followed sequentially by injectiogf&f S the dog is relatively resistant to the toxic effect of broad 


spectrum antibiotics. The Fitzgerald model seems techni- 
cally more satisfactory, because of the lower mortality and 
because of the relative ease of producing the disease. The 
major disadvantage of the canine model involves the ini- 
tial cost of purchase and animal care expenses. 


aureus and sterile saline. This model produces a progres- 
sive osteomyelitis with periosteal reaction, lytic bone le- 
sions, sequestrum, and involucrum formation. Another or- 
ganism used more recently in the model is P aeruginosa, a 
clinically important and increasingly frequently isolated 
pathogen in human osteomyelitis. In comparison to the ex- 


perimental S aureus model, the Pseudomonas infection is IDEAL ANIMAL MODEL 
more indolent and less destructive and rarely leads to ex- The ideal а model does not yet exist. It would be 
traosseous extension. one in which all stages of osteomyelitis could be produced; 
it would use animals of sufficient size for evaluation of op- 
There are problems with the rabbit model. Either ex- erative procedures, animals which are tolerant to the toxic 
tensive trauma or morrhuate sodium is necessary to pro- effect of antibiotics; and, finally, it would be inexpensive. 
duce a progressive infection. А large inoculum of bacterial Each of the present models has some of these advantages, 
organisms is required to produce the infection (approxi- but there are also disadvantages. Nonetheless, given a clin- 
mately 10° S aureus and 10° P aer uginosa). The rabbit is ical disease with such variability, it seems likely that the 
relatively susceptible to the toxic effects of antibiotic ther- bulk of meaningful research in osteomyelitis will develop 
apy. Despite these limitations, the rabbit model of osteo- through animal models. Although it is unlikely that there 
myelitis has been useful in assessing the pathophysiology of will ever be a perfect animal model for osteomyelitis, the 
chronic osteomyelitis, and it has afforded a unique oppor- current models have given support to useful clinical obser- 
tunity to investigate treatment of this disease in a con- vations, and further development and refinement of them 
trolled setting. should be encouraged. 
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CHINCHILLA ANIMAL MODEL OF CHRONIC SUPPURATIVE OTITIS MEDIA 


MARGARET A. KENNA, MD 


Chronic suppurative otitis media without cholesteato- 
ma in the pediatric patient is an infrequent but significant 
disease process. Culture of the ME frequently reveals P 
aeruginosa or S aureus.'^* To better understand otitis 
media in the patient, animal models of otitis media have 
been developed. The most frequently used animals include 
the rhesus and squirrel monkeys, dog, cat, guinea pig, rab- 
bit, mouse, Mongolian gerbil, and chinchilla.''® To date, 
only one animal model of C Supp OM has been noted in 
the English literature. Friedmann? inoculated the mid- 
dle ears of guinea pigs through an intact TM with a varie- 
ty of organisms, including P aeruginosa (then called 
Pseudomones pyocyanea) and $ aureus. He found that 
although many of the animals died in the first 1 to 3 
weeks, many lived for up to 12 months. Apparently, dur- 
ing the "chrenic" phase many of the animals previously in- 
fected with ? aeruginosa and S aureus did not have aural 
discharge, but did have persistent perforation of the TM. 
Friedmann': histopathologic findings were quite similar to 
those of Schuknecht!!02215-272. and Meyerhoff et a]''5 in 
the human. Most of the animal models developed since 
then have been for A Supp OM and chronic serous OM 
with effusior.''* Our model is of C Supp OM secondary to 
P aeruginosc. 


The mode! developed at Children's Hospital of Pitts- 
burgh uses adult chinchillas of both sexes. The chinchilla 
was chosen because it has a large, easily visible TM: a 
large, easily accessible bulla; an auditory capability simi- 
lar to that of humans: a cochlea with membranous archi- 
tecture similar to the human cochlea; a lack of presbycusis 
in long-term studies; a lack of susceptibility to naturally 
occurring otitis media (all types); and susceptibility of its 
ME to the pathogenic organisms that cause otitis media in 
humans. !!5 


METHODS 


Fifteen healthy adult chinchillas (Chinchilla laniger) of 
both sexes weighing approximately 500 g were used. They 
were culled from the breeding stock because of poor quali- 
ty fur or poor reproductive performance. Prior to the ini- 
tiation of the study, the MEs of all animals were docu- 
mented to be free of effusion by otomicroscopy and by 
tympanometry using an electroacoustic bridge (Madsen 
tympanometer, Ontario). 


Pathogen. Pseudomonas aeruginosa, cultared from the 
ME of a pediatric patient with C Supp OM without chole- 
steatoma, was provided by the Otitis Media Research Cen- 
ter bacteriology laboratory, Pittsburgh. 


Preparation of Inoculum. The chinchilla inoculum was 
prepared from an otic strain of P aeruginosa (strain 
832699a), previously frozen in an equal mixture of tryptic 
soy broth (TSB, Difco) and glycerol and stored in 5 mL 
TSB. The 15-mL aliquots of this suspension were 
counted, frozen at -70°C, and then used to provide an in- 
oculum pool of known concentration. Succeeding subcul- 
tures of the frozen suspension showed a stable count over a 
period of more than 3 weeks. The final count was 5 to 40 
colony forming units (CFUs) per 0.1 mL. 


Inoculation Procedure. For inoculation, the chinchilla 


was sedated with ketamine НСІ (20 mg/kg), and the ear 
canal was sterilized with 70% isopropyl alcohol for 1 
minute. The TM of the right ear was then visualized using 
the otomicroscope, and a large perforation involving the 
entire visualized eardrum was created with a sterile myr- 
ingotomy knife. A tuberculin syringe with a No. 18 gauge 
spinal needle was then used to inject 0.1 mL of inoculum 
into the middle ear. 


The MEs of all animals were evaluated otomicroscopical- 
ly daily. The ME was cultured on the second day after in- 
oculation, twice weekly for the first month, and then 
monthly thereafter. Criteria for an established infection 
were as follows: 1) persistent ME inflammation docu- 
mented by otomicroscopy; 2) ME otorrhea culture-posi- 
tive for P aeruginosa; and 3) persistent TM perforation, 


Culture of Chinchilla Ear. The ME was cultured for P 
aeruginosa using а sterile calcium alginate swab 
(Calgiswab) mounted on a flexible aluminum shaft. The 
swab was inserted directly into the ME via the TM perfor- 
ation, then streaked directly onto a blood agar plate. 


Preparation of Temporal Bones. 


1. Specimens were placed in 10% formalin for at least 10 
days after the snout was removed, the bullae opened, 
and the brain removed. 

2. After a 24-hour rinse in running tap water, specimens 
were put in a 5% trichloroacetic acid (TCA) solution 
until the bone was decalcified. Decalcification was 
tested with 5% ammonium oxalate and 10% am- 
monium hydroxide solutions. 

3. Following three negative calcium tests, specimens 
were washed in running tap water for 24 hours. 

4. As a neutralizing process, a 5% sodium sulfate wash 
was used for 6 hours, followed by a distilled water 
bath overnight. 

5. Mlcohol concentrations from 50% to 100% were used 

ing the following days as drying agents, culminat- 
ing in an application of ether alcohol for 24 hours. 

6. Over the next several months, the specimens were put 
in increasing concentrations of celloidin, culminating 
in 12% celloidin. 

7. The block of 12% celloidin was dried in the desiccator 
and then hardened by chloroform. 

8. The specimens were mounted on a block and stored in 
cedar wood oil until they were cut. 

9. Specimens were cut on a microtome, and approxi- 
mately every tenth section was used for staining. The 
sections were kept in 80% alcohol between layers of 
numbered onion skin paper until stained. 

10. Each slice was stained with hematoxylin and eosin. 

ll. Slices were mounted on slides, using Permount and 
xylene wash. 

12. After the slides dried, they were washed again in 
xylene, dried, and labeled. 


RESULTS 


Twelve of the 15 animals developed otorrhea culture- 
positive for P aeruginosa 2 to 7 days after introduction of 
the organism. Also starting on day 2, other organisms, pre- 
dominantly Proteus sp and S aureus, were cultured from 
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the right ME in 12 of 15 animals. In four ears, only P 
aeruginosa was ever successfully cultured; in two other ears, 
P aeruginosa was never cultured, but Proteus sp was. 


Gross pathologic changes noted with the otomicroscope 
included 1) hyperplastic, erythematous, and edematous 
ME mucosa; 2) persistent TM perforation; 3) edematous 
and ulcerated external auditory canal skin; 4) purulent 
otorrhea; and 5) polypoid changes in the ME mucosa and 
external canal skin. 


Of the original 15 chinchillas, eight died the first week 
and two died the second week. The remaining five survived 
for 3 months, and the right ME remained culture-positive 
for P aeruginosa for at least 3 weeks after inoculation. 


Two succeeding groups of ten chinchillas each were in- 
oculated with the same strain of P aeruginosa and followed 
for 70 and 55 days, respectively, postinoculation. Of the 
first group, five survived 70 days, and on day 70 all were 
culture-positive for P aeruginosa and Proteus sp. Of the sec- 
ond group, six survived 59 days; of this six, three were cul- 
ture-positive on day 55 for P aeruginosa, and all six were 
culture-positive for Proteus sp. (It should be noted that these 
two groups were killed on days 70 and 55, respectively.) 


Temporal Bone Histopathology. Two temporal bones 
from animals that died on day 17 are available for study. 
Temporal bone histopathologic findings include oblitera- 
tion of the bulla on the affected side, with lymphoid infil- 
trates and osteoneogenesis. The cochlea on the affected 
side appears filled with a pink-staining precipitate, with 
the disruption of Reissner's membrane. No disease was 


noted to involve the contralateral (noninoculated) ear in 
either animal. 


DISCUSSION 


Chronic suppurative otitis media without cholesteato- 
ma in the pediatric population is a frustrating disease pro- 
cess. Therapy with oral and ototopical antimicrobials will 
sometimes result in a decrease or cessation of otorrhea, 
only to have the symptoms return upon stoppage of the 
medication. The results of tympanomastoid surgery are 
equally unpredictable, with some patients having contin- 
ued drainage after multiple surgical procedures. 


A working animal model of C Supp OM is useful for 
several reasons. First, the cause and pathogenesis of this 
disease process are not completely understood. The litera- 
ture! !7 (02215-2772. states that this is an irreversible disease 
process because of bony involvement and irreversible mu- 
cosal changes. If the stages of the disease were better un- 
derstood and documented, a point of reversible disease 
might be noted. Various treatment modalities, both sys- 
temic and topical, could be used at all stages of the disease. 
Many of the current recommended treatment modalities 
have potentially serious side effects: the aminoglycosides 
can be ototoxic and vestibulotoxic'"; and surgery can 
cause hearing loss (both conductive and sensorineu- 
ral), 202159220 facial nerve injury, and labyrinthine in- 
jury. New therapeutic agents could be tested in the animal 
model for efficacy and safety. Finally, studies of hearing 
loss secondary to C Supp OM may be done using auditory 
evoked responses. 


PATHOLOGY 


PATHOLOGY OF CHRONIC SUPPURATIVE OTITIS MEDIA 


WILLIAM L. MEYERHOFF, MD, PHD 


Chroni- suppurative otitis media is associated with irreversible tissue disease. This tissue disease includes bony changes (osteitis, os- 
teoneogeness, bone destruction), fibrosis of the mucoperiosteum, granulation tissue, subepithelial glandular formation, tympanosclerosis, 
TM perforasion, polyp formation, cholesteatoma, and cholesterin granuloma. 


CHRONIC SUPPURATIVE OTITIS MEDIA 


Although C Supp OM is a worldwide health problem, 
terminology regarding this problem is not universally 
agreed upan.'' Chronic suppurative otitis media can be 
defined chronologically or histologically. Chronologically, 
C Supp OM is an inflammatory condition of the ME cleft 
associated with active suppuration that persists beyond 3 
months.'? Histologically, C Supp OM is that condition 
associated with irreversible tissue disease (Fig 1). Although 
the histologic and chronologic definitions are not mutually 
exclusive, eur animal experiments have shown that irre- 
versible tissue disease can occur within 2 to 3 weeks fol- 
lowing the onset of A Supp OM. The presence of this irre- 
versible tissue disease antedates the chronologic definition 
of C Supp DM. 


Schukneeht'’’ used the comprehensive term C Supp OM 
and subdiv-ded the pathology of the condition into chronic 
active and chronic inactive forms. The chronic active form 
was associated with increased vascularity of the mucosa 
and submucosa, acute and chronic inflammatory cells, 
and ulceration in the mucosa with granulation tissue, 
while the curonic inactive form was more commonly asso- 
ciated with fibrosis and osteoneogenesis.''? Meyerhoff et 
al,''* in a Fistologic study of 123 human temporal bones 
with histolegic evidence of C Supp OM of the ME cleft, 
further div«ded the chronic active form into those cases 
with focal changes and those with generalized changes. 
Forty-six of the 123 temporal bones studied demonstrated 
C Supp OM of a generalized nature, while 50 of the 123 
temporal bones studied demonstrated C Supp OM of a 
focal паїиг=. Only 27 of the 123 temporal bones demon- 
strated no sippuration but chronic inflammatory changes 
within the ME cleft. In addition, the authors listed the 
identified Giseases in the order of occurrence and found 
that bony caanges (osteitis, osteoneogenesis, bony destruc- 
tion) occurred in 90% of the temporal bones while fibrosis 
of the muceperiosteum was identified in 76%. Granula- 
tion tissue was identified in 69% of tempéral bones, sub- 
epithelial рапашаг formation in 41%, tympanosclerosis 
in 27%, TM perforation in almost 20% , polyp formation 
in 19%, cholesteatoma in 15%, and cholesterin granu- 
loma іп 13%.*"* 


In a similar study, Friedmann’ reviewed bone biopsies 


from 770 patients undergoing mastoidectomy and iden- 
tified granu ation tissue as the primary pathologic process 
in 49% of he cases, cholesteatoma as a primary patho- 
logic proces: in 20% of the cases, and cholesterin granulo- 
ma as a primary pathologic process in 5.5% of the cases. 


GRANULATION TISSUE 
Granulaton tissue occurs, both grossly and histological- 
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ly, in two forms. These two forms include mature granula- 
tion tissue and immature granulation tissue."5 Grossly, 
immature granulation tissue is quite friable and erythema- 
tous and bleeds easily when manipulated. Histologically, 
it contains many mononuclear leukocytes and plasma 
cells, with PMNs sometimes heaped up within the lumen 
of blood vessels. There are many small blood vessels with 
associated fibroblasts. Areas of recent and old hemorrhage 
may be identified. Mature granulation tissue, on the other 
hand, grossly appears more rubbery and firm and tends to 
bleed significantly less than immature granulation tissue. 
Its color is usually pale gray or pale pink. Histologically, it 
differs from immature granulation tissue in that fibro- 
blasts tend to dominate the picture, with less vascularity 
and fewer PMNs. Plasma cells and lymphocytes tend to be 
the dominant white cells present. Subepithelial fibrosis 
probably represents the end stage of granulation tissue. '*° 


CHOLESTERIN GRANULOMA 


Cholesterin granuloma is a foreign body reaction to 
cholesterol crystals that are thought to be present in the 
ME cleft as the result of breakdown products of blood. 
Grossly, cholesterin granuloma consists of a brownish 
granulation tissue often associated with thick brown liq- 
uid. Cholesterol crystals provoke a vigorous foreign body 
granulomatous reaction and are quite resistant to absorp- 
tion by this reaction, but are dissolved during temporal 
bone processing. For this latter reason, extracellular clefts 
of varying sizes and shapes, and small clefts within the cy- 
toff&asm of multinucleated giant cells, are the characteris- 
оре findings of cholesterin granuloma (Fig 1). 
The granulation tissue consists of a vascular fibrous stroma 
with abundant plasma cells, lymphocytes, histiocytes, ex- 
travascular red blood cells, and multinucleated giant cells 
that tend to surround the large extracellular cholesterol 
crystals. In addition to a large number of nuclei and 
nucleoli, these giant cells are rich in endoplasmic reticu- 
lum, most of which is of the rough variety (studded with 
ribosomes).'?” Lysosomes, Golgi apparatus, and many 
mitochondria surround the small, intracellular cholesterol 
crystals. The presence of hemosiderin is documented with 
special stains (eg, Prussian blue)."* Paparella and Lim"? 
have described the presence of secretory structures consist- 
ing of cysts, ducts, and simple glands in association with 
some cases of cholesterin granuloma. 


OSSEOUS CHANGES 


Osseous changes are the most common form of irreversi- 
ble tissue disease associated with C Supp OM, and these 
changes are found in both the presence and absence of cho- 
lesteatoma. They include true inflammation of cortical 
bone (osteitis), bony erosion, and new bone formation (os- 
teoneogenesis).''* Osteitis is probably the least common os- 
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seous change in C Supp OM and appears grossly as granu- 
lar, soft bone that is often discolored. Histologically, there 
is inflammation of the cortical bone with involvement of 
the haversian and lacunar systems. Acutely, there is infil- 
tration of neutrophils, edema, vascular congestion, and 
small vessel thrombosis. Within days, devitalized bone 
spicules and foci of necrotic cortical bone can be iden- 
tified. The necrotic bone spicules eventually show fraying 
and erosion of their margins, with subsequent granular 
disintegration of the bony matrix. 


New bone formation, on the other hand, is found quite 
frequently in C Supp OM and may occur on the surface of 
existing bone or within the inflammatory tissue without 
adjacent bone. Clinically, it is difficult to distinguish this 
new bone from preexisting bone. In experimental animals, 
new bone formation may be identified as early as 2'/, to 3 
weeks following the onset of A Supp OM. Histologically, 





Fig 1. Chronic suppurative otitis 
media in chinchilla. A) Granula- 
tion tissue (GT), new bone forma- 
tion (BN), cholesterin granulomas 
(arrows), and purulent effusion 
(E) are seen in superior portion of 
bulla (original x18). P — ampulla 
of posterior semicircular duct. B) 
Higher magnification view of cho- 
lesterin granuloma shown in A. 


тта clefts are clearly visi- 
le. 


osteoblasts can be seen at the interface between the new 
bone and surrounding tissue'?* (Fig 2A). These cells are 
mononuclear, medium-sized cells that appear to differen- 
tiate from mesenchymal cells. They tend to associate in a 
continuous layer next to the expanding bone matrix. When 
active, they have a very granular basophilic cytoplasm. 


Bone erosion also occurs quite commonly in C Supp OM 
and, like osteoneogenesis, may be seen within 2'4 to 3 
weeks following the onset of A Supp OM in experimental 
animals. Bone erosion can be seen in the presence or ab- 
sence of osteoclasts. Histologically, bone erosion can be 
identified at the junction between surrounding tissue and 
the bone itself. At this interface, abundant large multinu- 
cleated giant cells are frequently found (Fig 2B). These 
cells contain pale to acidophilic foamy cytoplasm. They 
may measure up to 100 um and contain as many as several 
dozen nuclei. Ultrastructurally, abundant large mitochon- 
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Fig 2. Chronic suppurative otitis 
media in chinchilla (original 
x190). A) Osteoneogenesis. Spic- 
ules of new bone (BN) are sur- 
rounded bv osieoblasts. GT — 
granulation tissue. B) Bone ero- 
sion. Mulsinucleated osteoclasts 
(two indicated by arrows) are seen 
adjacent їс bone undergoing ero- 
sion. SE — stratified squamous 
epithelium associated with chole- 
steatoma formation. 


dria can be identified within the cytoplasm, especially ad- 
jacent to areas of active bone resorption. The cytoplasm 
contains numerous dense granules of various sizes in asso- 
ciation with the mitochondria. In addition, free ribosomes 
and rough endoplasmic reticulum are scattered through- 
out.!39.131 


CHOLESTEATOMA 


Cholesteatoma is an accumulation of keratin debris 
from a matrix consisting of desquamating keratinizing 
stratified squamous epithelium with a subepithelial fi- 
brous stroma of varying thickness'" (Fig 3A). Grossly, 
cholesteatoma appears as pearly, white cheesy material on 
a rather shiny erythematous matrix. Histologically, the 
keratin debris is rather amorphous and acidophilic stain- 
ing. The underlying stratified squamous epithelium fre- 
quently has intracellular keratohyaline granules"? (Fig 





3B). Recently, immunohistochemical and submicroscopic 
analyses of human cholesteatoma matrices have revealed 
the presence of Langerhans cells in the epithelial border. It 
is thought that perhaps these cells play a role in the patho- 
physiology of cholesteatoma through their interaction 
with T-lymphocytes. '?? 


The subepithelial stroma of the cholesteatoma matrix 
consists of a proliferation of fibrocytes, fibroblasts, and 
capillaries. Viable plasma cells, mast cells, histiocytes, and 
lymphocytes can be identified, as well as necrotic inflam- 
matory cells. The histiocyte is the dominant cell type; it is 
mononuclear, measures 8 to 10 um in diameter, and con- 
tains numerous mitochondria and free ribosomes with 
sparse rough endoplasmic reticulum. Osteoclasts are fre- 
quently found at the interface of the cholesteatoma matrix 
and the underlying bone. They are discussed under Osse- 
ous Changes, above."! 
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TYMPANOSCLEROSIS 


Tympanosclerosis was a term suggested by von Troltsch 
in 1868'** for a condition in which infected ME mucosa is 
replaced by relatively amorphous hyalinized tissue. Clin- 
ically, tympanosclerosis is chalky white in appearance and 
is usually limited to the membrana propria of the TM, al- 
though it may be so extensive as to fill the entire ME. His- 





Fig 3. Cholesteatoma associated 
with C Supp OM in chinchilla. A) 
Light micrograph of portion of 
cholesteatoma sac (original x150). 
SE — stratified squamous epithe- 
lium, FS — fibrous stroma, BN — 
new bone, arrow — desquamat- 
ing keratin. B) Electron micro- 
graph of stratified squamous epi- 
thelial cells comprising cholestea- 
toma matrix (original x5,000). Ar- 
rows — keratohyaline granules, 
KT — keratin. 


tologically, tympanosclerosis appears to begin with an in- 
crease in subepithelial collagen that is followed by a hya- 
line degeneratioh of the subepithelial connective tissue. 
There may or may not be associated calcium deposits and 
even new bone formation. It has been postulated that tym- 
panosclerosis has an immune component that occurs in the 
subepithelial space following an insult or minimal muco- 
sal disruption. '3% 


DIAGNOSTIC METHODS 


DIAGNOSTIC METHODS IN OSTEOMYELITIS 


CARL W. NORDEN, MD 


The mamstays of diagnosis of acute and chronic osteomyelitis remain clinical suspicion and radiographic examination, respectively. 
For both diseases, accurate microbiologic diagnosis is critical and can usually be obtained by aspiration of bone or pus. Imaging studies 
such as bone-scans, CT scans, and magnetic resonance imaging have not been systematically evaluated for sensitivity, specificity, and 
predictive væue in the diagnosis of this disease. Thus, they generally remain expensive and unproven adjuncts in the workup of patients 
with osteomyelitis. Both the incidence and the outcome of osteomyelitis have been dramatically altered by antibiotics. The disease, how- 
ever, still cortinues to pose difficulties in diagnosis. The purpose of this report is to review and update approaches to the problem. 


Acute osteomyelitis should be suspected in patients with 
fever and lc-alized bone pain. The clinical findings usual- 
ly include a relatively short period of symptoms (less than 
1 week) anc localized tenderness; erythema, warmth, and 
drainage ar less frequent. Chronic osteomyelitis should 
be suspectec in individuals previously diagnosed as having 
acute osteomyelitis who may have received inadequate 
medical and/or surgical therapy. The findings of fever, 
swelling, ава severe local tenderness are less common іп 
chronic than in acute osteomyelitis, while localized pain, 
ulceration, sinus tract formation, and drainage are typical 
in the chronic form. 


METHODS 


Radiograohic Observations. Changes on x-ray films are 
often not visible until 10 days after the onset of hematoge- 
nous osteomyelitis. In only about one third of cases will ra- 
diographic shanges be seen by 7 to 10 days after onset of 
symptoms. By 3 to 4 weeks, about 90% of patients will 
have abnormalities visible on x-ray film. The radiographic 
bone changes usually are delayed in appearance, since 
more than 50% of the bone matrix must be removed be- 
fore a dest-uctive process can be seen. Deep soft tissue 
swelling ard obliteration of the planes between muscles 
occurs early and may be the first diagnostic clue. Changes 
of destructon generally precede new bone formation. 
Subsequent findings may include periosteal reaction, cor- 
tical changes, demineralization, and sequestrum forma- 
tion. Computed tomography may be of value, but its use 
has not beea compared systematically with either routine 
radiograph:o or radionuclide studies. 


Radionuelide Studies. Technetium pyrophosphate bone 
scans ofter identify osteomyelitis before radiographic 
changes appear. Scanning agents are laid down in newly 
formed colagen; the scans are positive because there is 
either accelerated bone turnover or increased blood supply 
to the involved area. Because of this, processes other than 
infection, sach as tumor, acute trauma with repair, syno- 
vitis, and cellulitis, may all give positive scans. In addi- 
tion, bone scans may be falsely negative, especially in neo- 
nates. Newer imaging techniques such as gallium- and 
indium-labelled leukocytes may show promise for identifi- 
cation of early osteomyelitis in individuals with negative 
results of radiography and technetium scans, but their sen- 
sitivity, specificity, and predictive value have not been 
established. Until published studies that compare these 
techniques drove their usefulness, they should not be ac- 
cepted as specific diagnostic tests on which to base thera- 
py. At the present time, the high cost and uncertain accu- 
racy of these newer tests argues against their routine use in 


individuals with negative results of radiography and tech- 
netium scans. Further studies are clearly needed. 


Microbiologic Studies. A precise bacteriologic diagnosis 
is critical to the success of therapy in the treatment of oste- 
omyelitis. In the acute disease, cultures of blood or aspira- 
tions of bone or of pus obtained from bone at surgery will 
generally yield recovery of organisms.'?* Cultures for fungi 
and mycobacteria should also be done, given appropriate 
clinical suspicion. Drainage from sinus tracts is easily 
available, but is generally an unreliable source for culture. 
One study that compared cultures of sinus tracts with op- 
erative specimens from patients with chronic osteomyelitis 
found that less than one half of the sinus cultures con- 
tained the pathogen found at operation.? In general, 
therefore, biopsy of bone represents the most effective way 
to obtain infected material for cultures. If this is not feasi- 
ble, then culture of grossly purulent material from an un- 
opened area or culture of fluid from an undrained puru- 
lent blister may provide a representative sample of organ- 
isms found in the bone. However, it is worth stressing 
again that bone biopsy remains the procedure of choice, 
particularly in chronic osteomyelitis. 


RECOMMENDATIONS FOR DIAGNOSTIC 
APPROACHES 


te Osteomyelitis. If x-ray films suggest acute osteo- 
myeXtis, additional imaging procedures are not generally 
indicated, since they only will increase costs unnecessarily. 
Technetium bone scans should be performed in patients 
with clinical findings suggesting osteomyelitis and nondi- 
agnostic radiographic results. Biopsy or needle aspiration 
of bone or pus is the procedure of choice if osteomyelitis is 
suspected, even in the face of negative radiographs and 
bone scans. Clinical suspicion is sufficient reason to pro- 
ceed aggressively toward diagnosis and therapy. 


Chronic Osteomyelitis. The radiograph usually con- 
firms the clinical diagnosis of chronic osteomyelitis. Clas- 
sic radiographic changes include bony sclerosis, deminer- 
alization, periosteal reaction, and often sequestrum for- 
mation. However, it is often impossible to determine, by 
radiography, if active infection persists or if the disease is 
"burnt-out and inactive." Radionuclide scans may also fail 
to make this distinction conclusively, since technetium up- 
take may persist for months after trauma, surgery, or suc- 
cessful treatment of infection. Therefore, surgical debride- 
ment and bone biopsy seem most appropriate for establish- 
ing the diagnosis of active disease and for identifying the 
causal agent responsible for the infection. 


MANAGEMENT 


MANAGEMENT OF CHRONIC SUPPURATIVE OTITIS MEDIA: 
A SURVEY OF PRACTICING PEDIATRICIANS 


JOHN D. NELSON, MD 


Primary care physicians have much expertise from con- 
trolled studies in the medical literature to guide them to- 
ward optimal management of A Supp OM. This is not true 
in the case of C Supp OM, which suffers from the lack of 
well-designed studies evaluating various medical and sur- 
gical approaches. Physicians have to rely on what they 
were taught and on their own experiences. Because C 
Supp OM is not common in the United States, with the 
notable exceptions of high-risk populations such as 
Eskimos and American Indians, most physicians do not 
have a large personal experience with the problem. 


In April 1985 I sent a questionnaire to 71 pediatricians 
in Dallas, Texas, and its suburbs inquiring about their 
management of C Supp OM. The pediatricians were 
selected from the 139 listed in the Dallas County Medical 
Society Directory on the basis of being in full-time practice 
of general pediatrics. Subspecialists, those in adademic pe- 
diatrics, part-time practitioners, and those unknown per- 
sonally to me were excluded. 


The pediatricians were asked to imagine evaluating a 
child with a past history of frequent A Supp OM who has 
had a draining ear for 6 weeks. The mother or father has 
been putting cotton wicks in the child's ear, but he or she 
has had no other treatment. The child is otherwise fine. 


They were requested to respond to a series of questions 
about diagnostic tests and treatment. Sixty-seven (94%) 
responded. Not all questions were answered by all re- 
spondents, and in some cases more than one choice was 
given; therefore, the number of responses is given follow- 
ing each question. 


patient to an ENT consultant? Of 67, only two pedfatri- 
cians (3%) would have referred the patient to an otolaryn- 
gologist without attempting treatment. 


Would you treat this patient or immediately peg 


Is it your customary practice with such a patient to per- 
form a Gram’s stain and culture of the pus? Of 67 pediatri- 
cians, only 6% would perform a Gram’s stain of the pus, 
and 37% said that they would obtain a culture. None spe- 
cified that he or she would take material for culture from 
the ME after cleansing the canal. Several made the com- 
ment that the culture would not affect their initial treat- 
ment, so they saw no point in the added expense for the 
family. 


Do you clean the pus from the ear canal? If so, how do 
you do it? Seventy percent of the pediatricians (47 of 67) 
said that they would attempt to remove the pus, generally 
using a cotton-tipped applicator stick (74%) or cotton 
wrapped on the end of an ear curette (19%). Irrigation, 
usually with a Water Pik set at low pressure, was favored 
by 17%; 9% preferred to use a suction machine; and 6% 
used wicks. Several said that they would prefer to use suc- 
tion but did not have the equipment in their offices. 
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Do you prescribe an antihistamine or decongestant, or 
both? If so, which oneP A minority of 36% (24 of 67) 
would prescribe such a drug; Naldecon (33%) and Dime- 
tapp (21%) were the most popular. Thirteen percent each 
used Sudafed, Actifed, or Triaminic. One physician used 
Novahistine, and one said whichever samples were on 
hand were used. 


Do you prescribe drops or ointment for the ear; if so, 
which one? Topical medication was used by 79% (53 of 
67), and of those who prescribed a drug, Cortisporin sus- 
pension was the overwhelming favorite of 87 % . Coly-My- 
cin was used by 13%, gentamicin by 4%, and 2% each 
prescribed Tridesilon, Domeboro, Neo-Cortef, sulfa 
drugs, chloramphenicol, or Neosporin. (Some physicians 
indicated two or three choices.) A few indicated that the 
topical medication was intended for the external otitis 
component, not for the ME infection. 


Do you prescribe an oral antibiotic and, if so, which 
one? All 67 respondents would treat the child with an oral- 
ly administered antibiotic, and 75% gave amoxicillin as 
their choice. Other drugs mentioned, singly or as alterna- 
tives, were Pediazole (13%), cefaclor (10%), Augmentin 
(6%), trimethoprim-sulfamethoxazole (3%), and cy- 
clacillin (1%). Some physicians who did cultures of pus 
made the comment that they would modify the antibiotic 
therapy if the culture revealed an organism resistant to 
amoxicillin. 


What duration of antibiotic therapy do you prescribe? 
Ten days has clearly become established as the usual dura- 
tion of antibiotic therapy for all types of otitis media. 
Seventy-nine percent of physicians (58 of 67) said they 
would order antibiotic treatment for 10 days, and 16% in- 
dicated 10 to 14 days. Five percent responded 7 days, and 
5% indicated 2 to 3 weeks. 


For what time do you set the follow-up appointment? 
With 66 of the pediatricians responding, only 11% 
wanted to reevaluate the patient within 3 to 5 days; 8% 
said 7 to 10 days; 35%, 10 to 14 days; 15%, 2 to 3 weeks; 
and 5% would not schedule a follow-up until 3 to 4 weeks. 


If the child rgturns at the scheduled follow-up appoint- 
ment and still has drainage from the ear, what is your 
strategy? The 67 physicians were almost equally divided 
about what to do in this eventuality: 55% would try a dif- 
ferent antibiotic, and 42% would refer the patient to an 
otolaryngologist. Two pediatricians said that they would 
continue the same therapy, and two others said that they 
would try using ear wicks. Most of the physicians who said 
that they would select a different antibiotic said that they 
would obtain a culture of the pus and base their choice on 
culture and susceptibility test results. 

If, instead, at the follow-up examination the drainage 
had stopped but the child has a large central perforation of 
the tympanic membrane, what would you do? Once 
again, 64 pediatricians were almost evenly divided on 
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TAELE 3. FREQUENCY OF PERFORMANCE 
OF PNEUMATIC OTOSCOPY 


Patients With 





Percen. All Patients History of 

of Cases ( 96) Otitis (%) 
0 42 2] 
« 5 ji 10 
~ 10 9 7 
~ 25 7 2 
~ 50 6 12 
~ 75 5 6 
~ 90 3 0 
100 21 42 





their course of action. Forty-one percent would refer the 
patient to an otolaryngologist, while 59% said that they 
would cortinue to observe the patient. Many in the latter 
group wrcte that age would be a factor in their decision. If 
the child were older than 5 years or so, they would send 
the patier- to an otolaryngologic surgeon but they would 
feel comfcrtable observing a younger child in anticipation 
of spontareous closure of the defect. 


At wha: point do you generally refer a child with COM 
for adenc:dectomy? The 67 responses were varied and 
often qualified regarding a variety of factors, but I created 
five general categories to summarize the tenor of their 
statement: 1) Unresponsive to treatment or prolonged ME 
effusion (82 %). This category included patients who con- 
tinue to nave purulent drainage in spite of medical 
therapy aad those who respond initially to treatment but 
continue № have ME fluid for several weeks. 2) Frequent 
ear infectons (19%). Most respondents in this category 
specified certain criteria to define "frequent," such as 
three infections within 6 months or five infections within 1 
year, but there was no uniformity in the definition. 3) 
Never (13 X). These physicians said that they felt adenoid- 
ectomy had no role in prevention of recurrent or C Supp 
OM. 4) Large adenoids (9%). The definition of "large" 
was usual-y related to signs such as sleep apnea, snoring, 
and constant mouth breathing. 5) Six percent said that 
they "leave the decision to the ENT consultant," so they 
apparentl- did not understand the question. 


When a» you refer a patient for mastoidectomy? Fewer 
than half »f the pediatricians (30 of 67) responded to this 
question. Among those who did, 50% said that they had 
never had a patient who had a mastoidectomy. Reasons 
given for referral were acute mastoiditis (23%), abnormal 
radiograpas (13%), cholesteatoma (7%), and chronic dis- 
ease (7%) 


Do you perform bacterial cultures in ypur office? If so, 
what is the charge for each test? Eighty percent of 66 re- 
sponding pediatricians did perform office bacteriology, 
although some of them specified that they only performed 
throat cul-ures. Forty-four of the physicians charged from 
$6 to $30 хог this service, with half of the charges between 
$10 and $20. The median fee was $15. 


Do you perform tympanometry in your office? If so, 
what is the charge for each test? Sixty-five percent of 66 
pediatricians could perform this test. Of 38 respondents, 
5% said hey made no charge for it, while the others 
charged between $6 and $25 (median, $12). Most charged 
between $ апа $15. 


Do you do testing for hearing in your office? If so, what 
is the charge for each test? Auditory acuity testing was 


done by 65% of the 66 responding pediatricians, and of 37 
pediatricians, 22% made no charge for the test. The re- 
mainder charged between $4 and $25 (median, $5). 


How often do you perform pneumatic otoscopy as part 
of your physical examination in all patients and in patients 
with a past history of otitis media? The results are 
presented in Table 3. Of 67 pediatricians, some (42%) 
never used pneumatic otoscopy as part of their routine 
physical examination and did not do it even if the patient 
had a history of any form of OM (21%). On the other 
hand, the same percentages in reverse applied to some 
physicians who used the technique in all patients as a rou- 
tine (21%) and in those with a history of any form of OM 
(42%). I arbitrarily designated physicians as “young” or 
"old" according to whether they had been in practice less 
than or longer than 20 years. Fifty-seven percent of the 
young pediatricians and 45% of the old ones used pneu- 
matic otoscopy in all or most cases when there was a his- 
tory of any form of OM. The difference was not statis- 
tically significant. 


Could you make a statement about how helpful ENT 
consultants are to you in cases of otitis media and are there 
certain situations in which they are more helpful than in 
others? I realized that this was a vague question, but I was 
trying to get a feeling for the pediatrician's perception of 
the value of ENT consultants. I distilled the essence of 
their 65 comments into seven categories. The total is more 
than 100% because some pediatricians indicated more 
than one factor: 1) for inserting ventilatory tubes (60%); 
2) for complicated cases such as cholesteatoma, mastoid- 
itis, and persistent perforation (39%); 3) ENT consultants 
are "too quick to put in tubes" (25%); 4) they are very 
helpful in general for complicated cases (20%); 5) to de- 
crease parental anxiety by seeing a specialist (17%); 6) 
they are not helpful at all and I do not like the way they 
treat otitis (17%); and 7) for adenoidectomy (12%). 


Many of the respondents stated that they had had to 
"shop around" for an otolaryngologic consultant who had 
a philosophy similar to theirs in regard to surgical inter- 
vention in cases of OM (any form). The major complaint 

that some surgeons were too quick to insert tympanos- 
des tubes and to perform adenoidectomy and tonsillecto- 
my. The general tenor of responses was that pediatricians 
were reluctant to subject their patients to surgical proce- 
dures except in extreme cases, and that they were fearful 
of surgical excesses. Even the 20% who said that they had 
an excellent working relationship with their present oto- 
laryngologic consultants often prefaced that statement 
with a comment about what they perceived as surgical ex- 
cesses or polypharmacy in other otolaryngologists they had 
dealt with previously. In the majority of responses, there 
was the suggestion of an adversarial relationship and a 
perception that surgeons were mere technicians, as re- 
flected in the frequent statement, "They are only useful for 
inserting tubes." On the other hand, the minority who 
were pleased with their relationship with the otolaryngo- 
logic consultants were laudatory. 


COMMENT 


The response rate of 94% to my questionnaire was grat- 
ifying and adds some validity to this unscientific poll. The 
fact that I know all of the pediatricians personally prob- 
ably contributed to the frankness of their responses. 


The typical Dallas area pediatrician who encounters a 
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TABLE 4. MANAGEMENT OF PATIENT WITH CHRONIC 
DRAINING EAR 


Pediatricians’ 
Performance 
Otitis Experts’ Recommendations (%) 
Initial evaluation 
Thorough cleansing of ear canal with suction 9 
Culture of middle ear fluid after cleansing 0 
Initial therapy 
Oral antibiotic 100 
Topical antibiotic (50%) 79 
No antihistamine or decongestant 64 
Initial follow-up 
Return every 2 d for cleansing and evaluation <5 
If failure to improve, refer to ENT consultant 42 


case of C Supp OM will attempt to treat the case rather 
than refer the patient to an otolaryngologist. He or she 
will not perform a Gram’s stain or culture of the pus, but 
will attempt to cleanse the ear canal by the ineffectual 
means of a cotton applicator stick. The patient usually will 
not be given an antihistamine-decongestant medication, 
but will be instructed to apply Cortisporin suspension to 
the ear canal. Amoxicillin will be prescribed for 10 to 14 
days, and the patient will be reevaluated at that time. 


If, at the follow-up examination, the condition has not 
improved, the pediatrician is as likely to attempt new 
medical therapy as to refer the patient to an otolaryngolo- 
gist. The pediatrician has a protective attitude toward the 
patient with regard to otolaryngologic consultation and 
thinks that the consultant is given to surgical excesses, un- 
less the pediatrician has been fortunate enough to find a 
consultant who shares a conservative view about surgical 
intervention. Once the otolaryngologist has decided that 
tympanostomy tubes are necessary in a patient, the pedi- 
atrician values the otolaryngologic surgeon as a techni- 
cian. The pediatrician also feels that the surgeon has a use- 
ful role in performing adenoidectomy in patients who 


have frequent episodes of OM or chronic ME infections. 


In a recent publication," 141 physicians with expertise 
and special interest in ME infections were queried about 
their management of cases of C Supp OM. There were 
three surgeons (Charles D. Bluestone, Henry M. Carder, 
and Margaret А. Kenna) and two pediatricians (John D. 
Coffey, Jr, and Stephen I. Pelton). From their opinions and 
the interpretation by two other pediatricians (George H. 
McCracken, Jr, and John D. Nelson), a consensus of man- 
agement emerged: the pus should be cleansed from the ear 
canal by suction, and ME fluid should be obtained for mi- 
crobiologic evaluation. Oral antibiotic therapy should be 
employed empirically and adjusted according to the cul- 
ture and susceptibility testing results. The experts differed 
on the possible value of topical antibiotic therapy — some 
thought it desirable for the component of external otitis 
that frequently accompanies C Supp OM, while others 
were concerned about the possible ototoxicity of these 
drugs. All agreed on the importance of local cleansing and 
debridement and recommended follow-up evaluation at 2- 
or 3-day intervals initially. They did not recommend or 
use antihistamine or decongestant medications. Patients 
who did not respond promptly to this medical regimen 
would be referred to an otolaryngologist. 


These recommendations by experts in the field of OM 
are in striking contrast to the actual practices of Dallas pe- 
diatricians in this survey, as summarized in Table 4. I do 
not have supportive data, but I suspect that the Dallas pe- 
diatricians are similar to pediatricians in other areas in 
their methods of management. It is impossible to say that 
the experts are wrong or that the practicing pediatricians 
are wrong in their management of C Supp OM. A nihilis- 
tic interpretation would be that it does not matter — that 
the course of C Supp OM is inexorable and unaffected by 
medical or surgical intervention — but that seems unlike- 
ly. A more rational interpretation of these observations 
would be that well-controlled studies should be performed 
to test the many variables in an attempt to define the opti- 
mal management. 


OTOTOPICAL AGENTS: OTOTOXICJTY IN ANIMAL STUDIES 


TETSUO MORIZONO, MD 


INTRODUCTION 


Sensorineural hearing loss (SNHL) has been observed in 
humans following otologic surgery and has been produced 
in experimental animals. If SNHL occurs during the 
course of treatment with ototopical medications, it may 
not be clear whether the disease or the medications caused 
the hearing loss. Ear drops are being used for treatment of 
ME drainage. Antiseptics are being used for irrigation of a 
discharging ear and as preoperative sterilizing agents of 
the surgical field. 


This article is intended to review some of the work on 
ototoxicity of topical antimicrobial agents. 


LITERATURE REVIEW 


Ototoxicity of Antimicrobials. The ototoxicity of sys- 
temically administered agents is well recognized. ?5*^'*? Oc- 
casional clinical cases of SNHL have been reported follow- 
ing the use of neomycin on the skin!'**'** and following 


oral administration.'^* The ototoxicity of topically applied 
antimicrobials has been used for therapeutic purposes; in 
fact, German otolaryngologists have used intratympanic 
streptomycin and gentamicin in the treatment of 
Meniere’s disease. '59-!*? 


Patterson and Gulick'*? were the first to describe the 
ototoxicity of topically applied chloramphenicol. They 
detected a progressive loss of cochlear microphonics in 
guinea pigs following application of the drug directly to 
the round window membrane for 30 minutes. Subsequent 
losses occurred throughout the 9 hours following chloram- 
phenicol treatment. These losses ranged from 20 to 30 dB 
and were irreversible. Other studies with this antibiotic 
have been carried out by Koide et al,'** D'Angelo et al,'** 
Proud et а1,!*° and Stupp et al.'* 


The effect of topically applied gentamicin has been ad- 
dressed by Wersall et a1,!55:!5* Webster et аї,'%:'* Stupp et 
al,'5? and Gyde.'* Animal experiments in which the injec- 
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tion of gentamicin has been made directly into a healthy 
ME cavity regularly produce signs of ototoxicity and de- 
struction of hair cells. Gyde' used 0.3% gentamicin 
ophthalmic solution ototopically in the treatment of 300 
patients with otorrhea associated with acute and chronic 
ear conditions to obtain a preoperative dry state, but did 
not find any sign of ototoxicity. Since Morizono and John- 
stone'^* found ototoxic effects with 0.3% gentamicin ear 
drops in the guinea pig, it is possible that the carrier of the 
antimicrobial may play an important role in addition to 
the anatamical differences between the round window 
membrane in humans and in guinea pigs. Presence or 
absence o! ME inflammation may be another factor. 


Animal studies of ototoxicity of topically applied 
aminoglycosides were carried out by Brummett et а1,!% 
Мика] et al,'55 Parker and James,'** and Konishi.'* They 
found that neomycin concentrations similar to those found 
in commercially available otic preparations induced coch- 
lear damage. Brummett et al! studied dose-related 
changes in the cochlear potentials and correlated them to 
hair cell damage by means of surface specimen technique. 


Ototoxicity of topical propylene glycol, one of the most 
common carriers of the drug in otic solutions, has been 
studied by Morizono et al,'** by Vernon et а1,!® and by 
Parker and James.'** Vernon et а]! found adhesions of 
the guinea pig ME cavity and a reduction in the maximum 
output of the cochlear potentials, but reported no inner 
ear damage using a surface preparation technique. Parker 
and James,'*5 however, reported hair cell damage with the 
same technique. We found an immediate reduction in en- 
docochlear potentials following use of propylene glycol. 
All three groups of investigators agree that 100% propy- 
lene glycol should not be used in otic solutions. 


Thus far, there have been only a few reports regarding 
inner ear damage following administration of otic solu- 
tion. Matsumaru'" reported a case of sudden deafness im- 
mediately after administration of 0.5% chloromycetin ear 
drops (chloramphenicol and propylene glycol). 


А case of severe SNHL also was reported following the 
use of Framycetin ear drops." Kellerhause!”? estimated 
that deafness occurs in 1 of 3,000 patients given otic solu- 
tions based on his study in Switzerland. On the other 
hand, Fradis et al!” followed up on 150 patients with 
COM for 2 years and concluded that there is a direct rela- 
tionship between the length of time the otic preparation is 
used and SNHL. The results obtained by Fradis et al!” 
urged us to carry out further studies. 174-179 


Ototoxicity of Topical Antiseptics. Experimental study 
of the ototoxic effect of antiseptics that have been com- 
monly used prior to ME and mastoid surgery was initiated 
when some otologists in western Australia raised clinical 
suspicion about a particular antiseptic drug and its nox- 
ious effect, resulting in deafness following "successful" ME 
surgery. Because of the urgent clinical importance, we 
decided to study the ototoxic effects of some common an- 
tiseptics using experimental animals. 


Except for our preliminary studies,'5* Parker and 
James,'** Stupp et а], !5 and Stupp'® are the only workers 
who have attempted to study the ototoxicity of antiseptics. 
These studies employed histologic techniques. No elec- 
trophysiclogic technique was employed; thus the correla- 
tion of the various doses, duration of the chemicals in the 
ME, and cochlear function was not attempted. 


Clinically, the ototoxicity of topically applied antisep- 
tics has been alluded to only in the report of Bicknell'*! 
from the Bristol General Hospital. He reported that 14 
(14.4%) of simple myringoplasty cases developed a subse- 
quent severe SNHL, 13 of these ears being audiometrically 
“dead.” He ascertained that the only common factor in all 
of these hearing failures was the preoperative sterilization 
of the ear with 0.5% Hibitane (chlorhexidine 1:200) in 
70 % alcohol. He suggested that Hibitane could have pene- 
trated the round window and caused pathologic changes 
in the inner ear. However, he did not consider the oto- 
toxicity of ethanol itself, nor did he mention possible syn- 
ergistic effects of ethanol and chlorhexidine. 


COMMENT 


Ten years ago, over 50 ototopical preparations were 
commercially available. The 1986 Physician’s Desk Refer- 
ence (40th edition) lists only 19 preparations, and many of 
the entries are cautionary about their use in the presence 
of a nonintact TM. It would seem that manufacturers are 
beginning to appreciate the possible ototoxic effect of anti- 
microbials in the ME cavity. 


Clinicians in general, however, are not necessarily 
afraid of this side effect. Saunders and Gardier'*? state, 
“Ear drops cannot be expected to be much help in a pa- 
tient with a small perforation (or myringotomy), since the 
drops cannot readily enter the tympanum. In those with 
otitis media in which the drumhead is widely destroyed 
and in which drops can enter the tympanum, this mode of 
therapy is often helpful. There have been laboratory 
reports of the toxicity of neomycin in ear drops, but from a 
clinical point of view, such toxicity seems negligible or 
nonexistent.” Fairbanks'* cites other workers’ studies that 
indicate, “Ototoxicity from aminoglycoside ear drops is a 
theoretical possibility but not a practical problem in 
man. 


Their statements are based upon their experience, 
which is clearly different from what our laboratory data 
indicate. We should realize that care must be taken in 
relating animal studies to the clinical situation. While the 
@inchilla offers a practical model for the testing of 
ototopical toxicity, the anatomical differences between the 
human and the chinchilla temporal bone must be consid- 
ered. The round window in the chinchilla is easily acces- 
sible surgically, simplifying the topical administration of 
drugs for testing. In humans, the round window is deeply 
recessed in bone, perhaps giving some measure of protec- 
tion from accidental exposure to a drug. 


The thickness of the chinchilla round window mem- 
brane is approximately one sixth of that in humans. Thus, 
presumably, less of a barrier would be afforded in the 
chinchilla to the passage of an agent from the ME to the 
inner ear. Presence or absence and amount of mucus secre- 
tion in the ME cavity may alter the ototoxicity of topically 
applied drugs. Any difference in production and absorp- 
tion of the inner ear fluids in animals and humans may 
also play an important role in altering diffusion of the 
drugs inside the cochlear scalae. 


In the clinical setting, ear drops are not used in the nor- 
mal ear. It is generally understood that the ototoxic effect 
as well as therapeutic efficacy of the drug placed in the 
ME cavity may be reduced if there is a profuse ear dis- 
charge, with pus and thick mucosa covering the round 
window membrane. The round window membrane itself 
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will be thicker in the ear with C Supp OM than in the nor- 
mal ear, thus providing more protection. 


However, it is also very possible that any drug placed in 
the ME cavity gains access to the inner ear sooner or later. 
Clinical cases of Bicknell'*' revealed that 14% of his 97 
myringotomy patients became completely deaf. The deaf- 
ness was progressive for a few months, possibly with drug 
still remaining in the tissues in the ME. Progressive struc- 
tural change in the cochlea, presumably in the vascular 
system, may have occurred. 


Some clinicians have stopped using ear drops altogether 
because of possible iatrogenic deafness. Instead, they pre- 
scribe a systemic antibiotic. A systemic antibiotic becomes 
effective only when the drug concentration in the affected 
area (ME) reaches a level that is bactericidal or bacterio- 
static. If the bactericidal concentration and ototoxic con- 
centration are widely different, then therapy with an otic 
solution of bactericidal, but not ototoxic, concentration 
appears to have definite merit. 


Many clinicians may not be aware of the fact that the 
ototoxicity of drugs differs markedly in different vehicles 
or solvents. Many otic drops contain steroids, alcohols (in- 
cluding a higher alcohol, propylene glycol), and surface- 
acting agents that allow the drug to penetrate into the 
tissues more readily. Studying the ototoxicity of such 
vehicles in the otic solutions will lead us to identify some of 


the vehicles that may be more or less ototoxic but with 
similar action. The results of such research may be useful 
for making a safer ototopical solution. 


SUMMARY 


The ototoxicity of topically applied drugs has only 
recently been appreciated. A systematic study of the toxici- 
ty of drugs that commonly find their way into the ME 
cavity has been performed by only a few workers. The 
preliminary studies indicate that antiseptics and an- 
timicrobials applied topically to the MEs of laboratory 
animals, in concentrations comparable to those used in 
clinical medicine, can produce severe and irreversible 
SNHL. While cross-species correlation cannot be made, 
the animal studies will determine which of the commonly 
used topical agents readily cause SNHL. We can ascertain 
what concentrations of these agents are effective in con- 
trolling ME infection, yet are free of ototoxic effects, so the 
current preparations may be reviewed for their clinical 
safety. 


Ototoxic effects can be measured morphologically and 
electrophysiologically. It is quite probable that many 
causes of iatrogenic deafness have occurred unnecessarily 
because of the lack of such information. Given the abso- 
lute scarcity of data in this area and the frequent use of 
these agents, a systematic study of the ototoxicity of topi- 
cal drugs in animals is warranted. 


OTOTOPICAL AGENTS: EFFICACY OR TOXICITY IN HUMANS 


CHARLES С. WRIGHT, PHD; WILLIAM L. MEYERHOFF, MD, PHD 


The pathology and microbiology of C Supp OM often 
dictate the use of topical therapeutic apents. The most fre- 
quently isolated pathogens (P aeruginosa, S aureus) and 
the associated irreversible tissue disease make systemic 
therapy somehow ineffective and impractical. While the 
beneficial effects of topical agents are well accepted, their 
use has been questioned because of their potential ototoxs 
icity. 


It has been shown that SNHL is associated with C Supp 
OM and this hearing loss is believed by some workers to be 
due to the influence of bacterial toxins that reach the inner 
ear by diffusion across the round window membrane. '®* 
Other workers, however, have expressed the view that the 
hearing loss may be caused, at least in part, by ear drops 
used in treatment of ME drainage. !55:155.155 This concern is 
based on the fact that ototopical preparations typically 
contain a variety of antibiotics and solvents with well- 
documented ototoxic potential. 


Several of the commonly used components of ototopical 
preparations are aminoglycoside antimicrobials (such as 
neomycin, kanamycin, and gentamicin), which have been 
known for many years to exert potent ototoxic effects in 
humans. The first reported cases of ototoxicity due to an 
aminoglycoside antibiotic were described in 1945 by Hin- 
shaw and Feldman,'*' who noted vestibular dysfunction 
in patients with tuberculosis treated with streptomycin. In 
1951, Graf'** published the first histologic study of human 
inner ear disease resulting from systemic intrathecal ami- 
noglycoside therapy. A 1957 publication by Schuknecht'*? 
showed that streptomycin administered to the human ME 


cleft can reach the membranous labyrinth to produce se- 
vere damage of the cochleovestibular apparatus. Since 
these early reports, a host of investigators'?'?' have 
described the physiologic and morphologic effects of 
aminoglycosides on the inner ears of human subjects and 
experimental animals. 


In addition to the aminoglycosides, ototopical prepara- 
tions often contain other antibiotics such as chloram- 
phenicol and the polymyxins (B and E), as well as solvents 
(eg, propylene glycol) that have clearly demonstrated 
ototoxic potential. Recent work has dealt with toxic effects 
resulting from ME application of these agents in labora- 
tory animals. The results of these studies leave no doubt as 
to the severe ototoxic nature of these ingredients under ex- 
perimental conditions. 


* 

Moreover, the clinical literature contains several reports 
of SNHL following treatment of patients with topical otic 
preparations containing these agents. Dumas et al,'?? for 
example, described eight patients with perforated TMs 
who sustained hearing loss after use of aminoglycoside otic 
drops. The investigators noted that the risk of ototoxicity 
appeared to be greater in individuals whose MEs were free 
from inflammation and effusion that might otherwise pre- 
vent the drops from reaching the round window area. 
However, a recent case report by Nomura'? suggests that 
patients with active ME disease may also be at risk. He de- 
scribed a patient with C Supp OM who developed a pro- 
found hearing loss over the course of 7 months of treat- 
ment with an otic preparation containing neomycin. In 
this case, the hearing loss progressed to total deafness in 
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one ear after the otic drops were discontinued. 


Cortispor-n Otic Suspension (which contains neomycin, 
polymyxin 3, hydrocortisone, and propylene glycol) is 
currently ome of the most widely used of the topical otic 
preparations. In addition to its use in the management of 
chronic OM and external otitis, it has been recommended 
for prophylactic use in patients with tympanostomy tubes 
ог TM perferations. '?* 


The authors have recently been involved in a series of 
studies designed to evaluate the ototoxic potential of Cor- 
tisporin in experimental animals. In the first investigation 
of this series, ° Cortisporin Otic Suspension was placed in 
the external ear canals of chinchillas previously implanted 
with tympanostomy tubes. Provided that ETF was nor- 
mal, it was “ound that Cortisporin readily entered the ME 
and could be demonstrated in contact with the round win- 
dow membrane 30 minutes after placement of the prepa- 
ration in the external canal. After application of the otic 
drops for 5 consecutive days, physiologic evaluation 
showed a decrease in auditory function in the experimen- 
tal animals. and histologic examination revealed scattered 
hair cell loss in the basal portion of the organ of Corti. 


A subsequent study'?$ focused on the ototoxic effects of 
Cortisporir applied directly to the ME cavities of chin- 
chillas. The animals were kept alive for periods of 2 days 
to 5 топі after a single instillation of 0.5 mL of otic 
suspension. This procedure resulted in degeneration of all 
inner and cuter hair cells and severe damage of the striae 
vascularis taroughout the cochleas in all 25 of the animals 
in the study. Extensive sensory cell degeneration was also 
observed ir the vestibular receptor organs. 


In addition to inner ear ototoxicity, the constituents of 
ototopical »reparations are known to produce significant 
inflammatery effects in the ME сауіёу.'% As might be ex- 
pected, therefore, irritation and inflammation have been 
consistently observed after application of Cortisporin to 
Ње MEs o experimental animals.'?'?" Changes seen in 
the ME of the chinchilla after a single application of 0.2 
mL of the »reparation have included proliferation of cili- 
ated and secretory columnar cells, edema and hyperemia, 
formation Df granulation tissue, bone erosion, and os- 
teoneogenesis. А somewhat surprising result of Cortisporin 
administracion in the experimental model has been the 
development of cholesteatoma.'?? The presence of the otic 
preparatioa inside the ME cavity has been found to pro- 
voke vigorous hyperplasia of the stratified squamous 
epithelium covering the lateral aspect of the TM and 
medial po-tion of the external auditory meatus. This 
hyperplast:c epithelium tends to invade the ME, either by 
penetration of an intact TM or by migration through TM 
perforatiors. Once inside the tympanic cavity, the kera- 
tinizing squamous epithelium continues to grow and to 
produce cholesteatoma. Experimental cholesteatomas, as- 
sociated wath otic drop application, behave similarly to 
those seen clinically in humans, with extensive erosion of 
bony structures within the ME. 


Among ‘he agents present in Cortisporin that contribute 
to its inflammatory action on the ME mucosa, propylene 
glycol (used as a solvent) is likely to be one of the more im- 
portant. Even though this substance does not appear to be 
highly tox to the inner ear in moderate doses, it has been 
shown to »roduce marked ME inflammation, leading to 
productior of effusion, granulation tissue, and osteoneo- 
genesis. 169, 76 


Although Cortisporin Otic Suspension contains several 
components that may contribute to ototoxicity, it seems 
likely that polymyxin B and neomycin are the constituents 
with the greatest toxic potential to the inner ear. These 
drugs are also used in a variety of other popular ototopical 
preparations. 


In a preliminary study conducted by the authors, the 
ototoxic properties of neomycin and polymyxin B were 
compared after administration of the drugs to the ME of 
the chinchilla. Seven temporal bones were studied after 
application of neomycin, and another seven were studied 
following administration of polymyxin B. Each drug was 
applied in 0.5 mL of saline at a concentration of 5 mg/mL 
for neomycin and 10,000 units/mL for polymyxin B (same 
concentrations as used in Cortisporin Otic Suspension). 
After placing the drug solutions in the bullae, the animals 
were kept alive for periods of 2 days to 4 weeks before kill- 
ing and histologic evaluation were undertaken. 


Under the conditions of this experiment, polymyxin B 
proved to be considerably more ototoxic than neomycin. 
Animals that received polymyxin B showed severe loss of 
both inner and outer hair cells in all turns of the organ of 
Corti. On the other hand, animals that received neomycin 
had either no hair cell loss at all, or loss that was confined 
to the lower half of the basal turn. 


These results are consistent with those of Kohonen and 
Tarkkanen,'55 who found that neomycin solutions of 5 
mg/mL placed in the ME of the guinea pig caused no dis- 
cernible histologic changes in the organ of Corti, while 
polymyxin B applied at concentrations of 2 mg/mL and 
above caused severe hair cell loss. 


Even though laboratory rodents have served as useful 
models for investigations of the ototoxic properties of 
topical otic preparations, their susceptibility to inner ear 
damage, relative to that of humans, is obviously quite 
high. Middle ear architecture and round window mem- 
brane structure are undoubtedly important factors in ac- 
counting for the dramatic inner ear toxicity of topical an- 
timicrobial drugs in animals such as chinchillas and 
guigea pigs. In these animals the round window mem- 
brane is directly exposed to the ME cavity, without the 
protective advantage of the round window niche or the 
presence of a "false" round window membrane covering 
the entrance of the niche. The round window membrane 
itself is also quite thin, about 14 um or less,'?** compared to 
the human round window membrane, which averages 60 
to 65 um in thickness. Thus, in rodents, there is a con- 
siderably less substantial barrier to the passage of toxic 
substances into the inner ear. 


As emphasized by Kawabata and Paparella,'?? the 
round window membrane represents the only soft tissue 
barrier between the ME and inner ear. Although toxic 
agents present in the ME cavity may potentially reach the 
labyrinth by several routes (including the oval window, 
blood vessels, lymphatics, or bony fistulae), the round 
window membrane is generally regarded as the most im- 
portant site at which substances may enter the inner ear. 


According to Nomura's recent studies,'?? the human 
round window membrane presents a surface area ranging 
from 1.82 to 5.26 square mm (average, 3.5 sq mm); other 
workers have reported average surface areas of 2.14 and 
2.6 square mm.?9?2?! The membrane consists of an outer 
layer of squamous epithelium contiguous with the ME 
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mucosa; a middle fibrous layer containing capillaries, 
nerve fibers, and connective tissue elements; and an inner 
layer consisting of mesothelial cells. Measurements of total 
thickness made on celloidin sections of normal human 
round window membrane at its thinnest part (central 
area) have ranged between 56 um'?? and 65 um.??? Similar 
measurements, made in the authors' laboratory on plastic- 
embedded, 1-um sections of specimens from human in- 
fants (newborns to 4 years) have yielded values of 40 to 70 
um for total thickness in the central area of the membrane. 


Experimental animal studies have shown the normal 
round window membrane to be permeable to a variety of 
tracer substances,???-??^ as well as to ototoxic antimicrobial 
drugs'5"'*$ and bacterial exotoxins.??* In addition, inflam- 
matory changes due to OM are believed by some investiga- 
tors to increase permeability of the membrane, so that in 
the presence of ME disease, it becomes a less effective bar- 
rier to the penetration of toxins and ototoxic drugs.?” 


In humans, the membrane is not directly exposed to the 
ME cavity; it occupies a relatively protected position 
within the round window niche, the opening of which is 
often partially closed by a false membrane of fibrous 
tissue. Such false round window membranes were found 
across the opening of the round window niche in 70 of 100 
temporal bones studied by Nomura.'? In 13 of these 


specimens, the niche was completely closed, while in the 
remaining cases, the false membrane provided a partial 
closure of the niche. 


In order to investigate the ototoxic potential of topical 
preparations in a large primate with ME structure more 
like that of humans, the authors are currently engaged in a 
pilot study using the baboon (Papio ursinus) as an animal 
model. A well-developed round window niche is present 
in this animal, and its round window membrane is ap- 
proximately twice as thick as that of the chinchilla. These 
differences in ME structure apparently do afford signifi- 
cant protection, since the primate is proving to be less 
susceptible to inner ear toxicity after installation of otic 
drops in the ME cleft. Cochlear hair cell loss does occur in 
the baboon after placement of Cortisporin in the ME; 
however, it is confined to the basal turn of the organ of 
Corti. In the chinchilla, on the other hand, there is total 
destruction of hair cells in all turns of the cochlea follow- 
ing Cortisporin application. 


It is clinically apparent that ototopical agents remain a 
tremendous asset in the medical treatment of C Supp OM. 
The practicing physician, however, must recognize the 
ototoxic potential of such preparations and judiciously 
tailor the treatment in an effort to keep the potential com- 
plications of SNHL and balance disturbance to a mini- 
mum. 


ANTIPSEUDOMONAL ANTIBIOTICS: AN OVERVIEW 


JEROME O. KLEIN, MD 


Disease due to P aeruginosa usually occurs in special circumstances: sepsis and meningitis in the patient with malignancy or immune 
defect; pneumonia in the patient with cystic fibrosis; ecthyma gangrenosum in the burned patient; and C Supp OM in the patient with 
severe and recurrent A Supp OM. A wide array of antipseudomonal antibiotics are now available, including aminoglycosides (gentamicin, 
tobramycin, amikacin, and netilmicin), carboxypenicillins (carbenicillin, ticarcillin, and ticarcillin in combination with clavulanic acid), 
acylureidopenicillins (piperacillin and azlocillin), and cephalosporins (cefoperazone and ceftazidime). Clinical trials suggest that alone or 
in combination, these agents are useful for patients with disease due to P aeruginosa. The trials do not consistently demonstrate superiority 
of one drug or combination of drugs. Whether single drug therapy or combination of drugs will be most effective in the treatment of resis- 
tant organisms is yet to be determined. At present, the combi@ation of an aminoglycoside and a carboxypenicillin or acylureidopenicillin 


appears to provide the best clinical results. 


Many antipseudomonal antibiotics are now available 
(1985). The first antibiotic with activity against P aerugi- 
nosa was polymyxin, discovered in 1947. Because of poor 
diffusion across biologic membranes, clinical results were 
often unsatisfactory and many investigators were pes- 
simistic about the value of polymyxin as an antipseu- 
domonal agent. In a 1956 report on antimicrobial thera- 
py, it was noted that Pseudomonas had “never been af- 
fected by any individual agent thus far available” and sug- 
gested that optimal therapy was a combination of oxy- 
tetracycline and streptomycin.’ Gentamicin was in- 
troduced in the early 1960s and was effective in vitro and 
in vivo against infection due to gram-negative bacteria. 
Soon after, other aminoglycosides with advantages of 
greater in vitro efficacy or lesser toxicity were made 
available. The first penicillin with antipseudomonal ac- 
tivity, carbenicillin, was welcomed in the late 1960s 
because of the promise of penicillins with a broader spec- 
trum of efficacy and absence of dose-related toxicity. With 
the recent addition of other carboxypenicillins (ticarcillin 
and ticarcillin in combination with clavulanic acid), acyl- 
ureidopenicillins (azlocillin and piperacillin), and 


cephalosporins (cefoperazone and ceftazidime), the physi- 
cian may consider a number of products that may be used 
alone or in combination (aminoglycoside plus a penicillin 
or cephalosporin). 


Most patients with Pseudomonas infections are unusual 
hosts. The patignt may have a defect in local defense (ie, 
burned skin, excoriated external ear canal, or tenacious 
mucoid secretions of cystic fibrosis) or an immune defect 
(ie, newborn infant, patient with malignancy or diabetes). 
These diseases and this organism represent formidable 
challenges to any therapeutic regimen. The unique biolo- 
gy of P aeruginosa was reviewed at a recent symposium. ?95 


For the purpose of this symposium, I focus on the use of 
antipseudomonal antibiotics for therapy of a vexing prob- 
lem in children and adults, C Supp OM. Many drugs with 
promise are under investigation, but my emphasis will be 
on agents that are available in the United States in August 
1985. 


POLYMYXINS 
The polymyxins are polypeptide antibiotics that are 
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rapidly bactericidal against gram-negative organisms, but 
have no activity against gram-positive bacteria. Polymyx- 
in B, introcuced in 1947, was the first antimicrobial agent 
with significant activity against P aeruginosa. Polymyxin 
E (colistin). introduced in 1961, has the same spectrum of 
antibacterial activity as polymyxin B but is less nephrotox- 
ic. The twe polymyxins are of approximately equal toxici- 
ty, howeve-, at therapeutically equivalent concentrations. 
Antibacter:al activity of the polymyxins is due to disrup- 
tion of the-integrity of the cell membrane and increasing 
permeabili-y of the cell wall so that intracellular materials 
leak from tae cell. 


The drugs are large molecules that diffuse poorly across 
biologic membranes. Thus, meningitis due to P aeruginosa 
requires irtrathecal administration in addition to par- 
enteral administration to sterilize the CSF. The drugs are 
rapidly absorbed after parenteral administration, but are 
not absorbed following oral administration. Topical forms 
are nonirriating and stable in high concentrations. Mini- 
mal, if any drug is absorbed from the skin or mucosa. The 
major toxi effects of parenterally administered poly- 
myxins are neurotoxicity and nephrotoxicity. Reactions in 
children ar» less frequent and milder than those identified 
in adults. 


Availabiity of the 8-lactam antibiotics and aminogly- 
cosides hasalmost eliminated usage of the parenteral poly- 
myxins. Ов rare occasion, the polymyxins have unique ef- 
ficacy agamst highly resistant gram-negative organisms, 
particularly when combined with trimethoprim-sulfa- 
methoxazove ог rifampin. Local application with solutions 
or ointmerz may be of value in external otitis and corneal 
ulcers. 


AMINOGL "COSIDES 


The aminoglycosides provide a broad spectrum of ac- 
tivity agamst gram-negative enteric bacilli and some 
gram-posit ve organisms (ie, S aureus), are rapidly bac- 
tericidal, and are absorbed readily after parenteral ad- 
ministration. The aminoglycosides of current importance 
include geatamicin, tobramycin, amikacin, and netilmi- 
cin. Tobramycin and amikacin are active against some 
strains of Р aeruginosa that are resistant to gentamicin. 
The antibiegram for 100 strains of P aeruginosa obtained 
from patieats at Boston City Hospital during the months 
of May through September 1985 indicated greater in vitro 
efficacy of -obramycin and amikacin; 95% of strains were 
susceptible-to tobramycin, and 90% susceptible to amika- 
cin, whereas only 62% were susceptible to gentamicin. 


After parenteral administration, the aminoglycosides 
distribute -apidly in extracellular body water, with slow 
accumulation in tissues. Penetration across biologic mem- 
branes is variable, and diffusion into CSF is limited. Ac- 
tivity at aced pH is significantly less than at neutral or basic 
pH; the clinical importance of this feature of the amino- 
glycosides `$ uncertain, but has been documented in the 
only body luid in which the pH can be altered, the urine. 


All aminoglycosides produce renal injury and damage 
to the eigkth nerve. Nephrotoxicity appears to be dose- 
related, but has not been a significant problem in children 
with normal kidney function who were treated with ami- 
noglycosides in currently recommended dosage schedules. 
Gentamicia and tobramycin are more likely to affect 
vestibular “unction, and amikacin is more likely to dam- 
age the cochlear apparatus, but both functions may be af- 


fected by each drug. Animal studies suggest that netilmi- 
cin has less ototoxicity and less nephrotoxicity than genta- 
micin. The ratio of drug concentration available and safe 
in serum (5 to 10 ug/mL for gentamicin and tobramycin 
апа 10 to 20 pg/mL for amikacin) and concentration of 
drug needed to inhibit the organism (minimum inhibitory 
concentrations [MICs] are 1 to 4 pg/mL) is relatively nar- 
row. In contrast, the most active antipseudomonal 
penicillin (piperacillin) and cephalosporins (cefoperazone 
and ceftazidime) have MICs of 6 vg or less and achieve 
serum concentrations in excess of 100 g/mL (Table 5). 
Serum concentrations of the aminoglycosides should be 
measured to determine that safe and effective levels are 
achieved. 


The major uses of the aminoglycosides are for diseases 
that are due to or suspected to be due to gram-negative 
enteric bacilli and P aeruginosa. Gentamicin, tobramycin, 
and amikacin are of comparable efficacy for disease due to 
susceptible organisms. Netilmicin was introduced in 1983, 
and clinical data are insufficient to judge its role in infec- 
tions in infants and children. The choice of amino- 
glycoside for infections due to gram-negative organisms 
should be based on recent susceptibility data from the 
hospital laboratory. 


CARBOXYPENICILLINS 


When introduced, carbenicillin and ticarcillin repre- 
sented drugs with a unique spectrum of activity among the 
penicillins: efficacy against gram-positive cocci, Hemoph- 
ilus influenzae, anaerobic bacteria including Bacteroides 
Sp, and gram-negative enteric bacilli including Entero- 
bacter sp, indole-positive Proteus sp, and P aeruginosa. 
High concentrations of drug are required to inhibit the 
gram-negative organisms (Table 5), but this disadvantage 
is overcome, in part, by the low toxicity of the drugs even 
when they are given in large intravenous doses. High con- 
centrations of drug are achieved in serum and tissues on 
usual dosage schedules.?*? Combination of these penicillins 
with an aminoglycoside produces synergistic activity 
against many gram-negative bacilli. Ticarcillin is similar 
to carbenicillin, but is more active against some strains of 
P @eruginosa and less active against gram-positive cocci. 
Ticarcillin combined with potassium clavulanate (a B-lac- 
tamase inhibitor) extends the spectrum of ticarcillin to in- 
clude 8-lactamase-producing strains of S aureus, gram- 
negative bacilli, and Bacteroides fragilis. Strains of P aeru- 
ginosa resistant to ticarcillin are usually also resistant to 
the combination agent. The drug is not available for pa- 
tients under 12 years of age. 


An oral preparation, carbenicillin indanyl, provides 
low levels of activity in serum but sufficient urinary con- 
centrations for treatment of some infections due to bac- 
teria that are resistant to other available oral drugs. The 
low levels of activity in serum preclude the use of oral 
carbenicillin for systemic infection, and the drug should be 
considered only for infections of the urinary tract. 


Although ticarcillin and carbenicillin have no dose- 
related toxicity, both drugs are disodium salts, and the 
large amounts of drug used include significant quantities 
of sodium that may be of concern in treatment of certain 
patients with renal or cardiac disease; 1 g of carbenicillin 
contains 4.7 mEq of sodium, and 1 g of ticarcillin contains 
5.2 mEq of sodium. 


ACYLUREIDOPENICILLINS 
Piperacillin, mezlocillin, and azlocillin are parenteral 
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TABLE 5. ANTIPSEUDOMONAL ANTIBIOTICS 
FOR CHRONIC SUPPURATIVE OTITIS MEDIA, 1985 


Drug МІС50* 
Aminoglycosides 
Gentamicin 2 
Tobramycin 1 
Amikacin 2 
Netilmicin 4 
Carboxypenicillins 
Carbenicillin 85 
Ticarcillin 32 
Ticarcillin + clavulanic acid 32 
Acylureidopenicillins 
Mezlocillin 34 
Azlocillin 16 
Piperacillin 6 
Cephalosporins 
Cefoperazone 6 
Ceftazidime 1 


*MIC50 — minimum inhibitory concentration in pg/mL; median val- 
ue. 


penicillins with a spectrum of activity similar to that of 
carbenicillin and ticarcillin but greater activity in vitro 
against some gram-negative bacilli and anaerobic 
bacteria, including most strains of Klebsiella pneumoniae 
and many strains of Serratia marcescens. Mezlocillin has 
antipseudomonal activity that is similar to that of the 
carboxypenicillins, but piperacillin and azlocillin are two 
to four times more active than carbenicillin or ticarcillin. 
Combinations of the acylureidopenicillins and aminogly- 
cosides are synergistic against some strains of P aeruginosa 
and have more killing activity than either drug alone. 


The acylureidopenicillins have less than half the sodium 
content (1.8 to 2.0 mEq/g) of carbenicillin or ticarcillin. 
This feature may be of importance for patients on high 
dosage schedules who have cardiac or renal disease. A re- 
cent symposium summarizes the results of clinical trials of 
the acylampicillins in children.?'? 


а 
CEPHALOSPORINS 


Cefoperazone and ceftazidime alone among the 
available cephalosporins have significant antipseudomo- 
nal activity. In vitro susceptibility tests suggest that 
cefoperazone is comparable in activity to azlocillin and 
piperacillin. Ceftazidime is the most effective of the 
B-lactam antibiotics. The median MIC of ceftazidime is 1 
ug/mL, more effective than the other -lactam drugs 
noted above. Initial results of ceftazidime for disease due 
to P aeruginosa in children are encouraging, but more in- 
formation is needed to define the clinical role of this im- 
portant new antipseudomonal drug. 


NEW DRUGS 


А number of promising antimicrobial agents with sig- 
nificant antipseudomonal activity are now available or be- 
ing evaluated in current clinical trials. Four are worthy of 
mention. 


Cefsulodin is a cephalosporin with antipseudomonal ac- 
tivity but minimal activity against most other bacteria; it 
is synergistic with aminoglycosides and some antipseudo- 
monal penicillins, including azlocillin, against P aerugi- 
nosa. 


Imipenem, a member of the carbapenem class of an- 
tibiotics, has the widest spectrum of activity among the 
B-lactam antibiotics, including gram-positive and gram- 
negative aerobic and anaerobic bacteria. Many strains of 
P aeruginosa resistant to aminoglycosides and other 8-lac- 
tam antibiotics are sensitive to imipenem. 


The quinolones include norfloxacin, enoxacin, and 
ciprofloxacin and are oral, synthetic, bactericidal drugs 
with a broad spectrum of activity against both gram- 
positive and gram-negative organisms, including P aerugi- 
nosa. The quinolones are the only drugs with antipseu- 
domonal activity that can be administered by mouth and 
achieve adequate serum and tissue concentrations to be ef- 
fective for selected infections. 


Aztreonam is a monobactam, a unique f-lactam 
antibiotic with a monocyclic structure, whose activity is 
directed primarily against gram-negative bacilli, in- 
cluding P aeruginosa. 


SUMMARY AND CONCLUSIONS 


Antimicrobial agents are now available that are highly 
effective against P aeruginosa in vitro. Optimal therapy 
may be different for different diseases and different hosts. 
Aminoglycosides are rapidly bactericidal against suscepti- 
ble strains of P aeruginosa, but dosage is limited because of 
concern for ototoxicity and nephrotoxicity. The 8-lactam 
antibiotics achieve high concentrations in serum and tis- 
sues and have little or no dose-related toxicity, but are not 
as rapidly bactericidal as the aminoglycosides. Although 
some of the agents appear to have in vitro activity that 
would warrant use as a single agent, combinations of a 
B-lactam antibiotic and an aminoglycoside may be advan- 
tageous in selected circumstances; ie, the two drugs may 
be synergistic, may have superior bactericidal capability, 
and may resist development of bacterial resistance or su- 
perinfection. Usage of adjuvants such as immune globulins 
may be needed to provide a significant improvement in 
current therapy for some patients; for others, adequate 
drainage or débridement may be important to facilitate 
optimal antibacterial activity of the drugs. Only appropri- 
ate clinical trials will determine the optimal regimen for 
each disease and for each host. 


PHARMACOLOGY OF ANTIMICROBIAL AGENTS POTENTIALLY USEFUL 
FOR CHRONIC SUPPURATIVE OTITIS MEDIA 


BENNETT S. VOGELMAN, MD; WILLIAM А. CRAIG, MD 


Rational antimicrobial therapy for C Supp OM requires 
knowledge of the major pathogens producing the infection 
and the pharmacology of antimicrobial agents active 


against these organisms. Pseudomonas aeruginosa is the 
most common aerobic pathogen recovered, accounting for 
as many as three fourths of the cases.?'' Other aerobic 
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TABLE 6. PHARMACOKINETIC PARAMETERS FOR 
ANTIMICROBIALS USED IN TREATMENT OF CHRONIC 
SUPPURATIVE OTITIS MEDIA 


Protein 
Dose С тах Binding t'h Route of 
(mg/kg) (ug/mL) (%) (hr) Elimination 


Amikacin 5 15-24 0 2-3 R 
Gentamicir D 5-8 0 2-3 R 
Netilmicin 1 5-8 0 9-3 R 
Tobramycia L4 5-8 0 2-3 R 
Azlocillin 50 250-300 40 1 R/H 
Carbenicillm 70 350-400 47 1 R 
Mezlocillin 50 250-300 35 1 R/H 
Piperacillir 50 250-300 48 1 R/H 
Ticarcillin 50 250-300 45 1 R 
Cefoperazcne 30 240 90 2 H/R 
Cefotaxime 30 80 37 1 R/M 
Ceftazidime 30 180 17 1.8 R 
Ceftizoxime 30 170 28 1.5 R 
Ceftriaxone 30 290 95 7.4 R/H 
Moxalactam 30 160 52 2.1 R 
Aztreonam 30 245 56 1:7 R 
Ciprofloxa-in 7 (po) 2.4 23 3.9 M/R 
Imipenem 15 73 20 0.9 R 
Cefazolin 30 220 84 1.8 R 
Clindamyen 10 10 90 2.4 H 
Nafcillin 30 40 89 0.5 H/R 
Vancomycm 15 30-50 55 6 R 


С max — peak level, t', — half-life, В — renal, H — hepatic, M — 
metabolized, po — by mouth. 
Data from references 212-214. 


organisms include the Enterobacteriaceae, especially Pro- 
teus sp, S aureus, and S epidermidis. Bacteroides sp, Pep- 
tococcus зр, and Peptostreptococcus sp are the major 
anaerobic isolates and usually are recovered in mixed cul- 
ture with aerobic bacteria. The following review on the 
pharmacciogy of antimicrobial agents potentially useful 
in the therapy of this disease will focus primarily on drugs 
active against P aeruginosa. 


The major pharmacokinetic parameters for commonly 
used doses of 22 antimicrobials are shown in Table 6.?'?-?'* 
The first 15 drugs have at least some activity against P 
aeruginose and are approved for clinical use. The phar- 
macology of the four aminoglycoside antibiotics is similar, 
except that amikacin can be administered at a three-fold 
higher dose. Since the half-life of these drugs is 2 to 3 hours 
in patients with normal renal function, they are usually 
administe-ed at 8-hour intervals. An alternative method of 
dosing these drugs is to divide the same total daily dose in- 
to two doses 12 hours apart. Since the bactericidal activity 
of aminoglycosides is dependent on the drug concentra- 
tion, peak serum levels should be monitored to ensure that 
they are т the therapeutic range (>5 yug/mL for gen- 
tamicin, tobramycin, and netilmicin, and > 20 ng/mL for 
amikacin‘). As these drugs are eliminated entirely by the 
kidney, dosage modification is required in patients with 
renal impairment. 


The antipseudomonal penicillins likewise share relative- 
ly similar pharmacokinetics. Their short half-life of ap- 
proximately 1 hour requires that these drugs be adminis- 
tered every 4 to 6 hours. Carbenicillin is usually adminis- 
tered at higher doses than the other drugs because of its 
relatively lower antimicrobial activity. While carbenicil- 


lin and ticarcillin are eliminated predominantly by the 
kidney, the new acylureidopenicillins (azlocillin, mezlocil- 
lin, and piperacillin) also have significant excretion into 
bile. The dual mechanisms of elimination for the acyl- 
ureidopenicillins reduce the need for dosage modification, 
except in patients with severe renal impairment. These 
newer drugs also have less potential for inducing sodium 
overload, hypokalemia, and platelet dysfunction than car- 
benicillin and ticarcillin. 


In contrast to the previously mentioned groups of drugs, 
there are significant differences in the pharmacokinetic 
parameters among the third-generation cephalosporins. 
Cefotaxime and ceftizoxime have the shortest half-lives, as 
they are eliminated renally by both glomerular filtration 
and tubular secretion. The faster elimination of cefotax- 
ime is due to additional metabolism into several metabo- 
lites. The renal elimination of the other cephalosporins is 
primarily by glomerular filtration and, except for cefop- 
erazone, which is eliminated predominantly via the bile, 
have half-lives that increase in proportion to the degree of 
protein binding.” The half-life values vary from 1.8 
hours for ceftazidime (low binding) to 7.4 hours for cef- 
triaxone (high binding). The peak serum levels for these 
drugs are directly related in both the extent of protein 
binding and the elimination half-life. The dosage interval 
for the third-generation cephalosporins is also directly 
related to the half-life, which is 4 to 6 hours for cefotax- 
ime, 6 to 8 hours for ceftizoxime and ceftazidime, 8 to 12 
hours for cefoperazone and moxalactam, and 12 to 24 
hours for ceftriaxone. Because of the metabolism of cefo- 
taxime, dosage modification of this drug is required only 
in patients with severe renal impairment. The dual 
mechanisms of elimination of cefoperazone and ceftriax- 
one would not necessitate dosage adjustment except in pa- 
tients with concomitant renal and hepatic dysfunction. 
Ceftizoxime, ceftazidime, and moxalactam are eliminated 
solely by the kidney and would require dosage modifica- 
tion for both moderate and severe renal impairment. 


Aztreonam, ciprofloxacin, and imipenem are newer an- 
timicrobials with excellent antibacterial activity. Az- 
бФопат is a monobactam antibiotic active only against 
aerobic gram-negative bacteria. It is eliminated primarily 
by the kidney. As its half-life is similar to that for cef- 
tazidime, it is dosed every 6 to 8 hours. Ciprofloxacin is a 
member of the new quinolone group of antimicrobials, 
which are derivatives of nalidixic acid. These drugs are of 
major interest because they are orally absorbed and have 
potent broad spectrum activity. Ciprofloxacin is one of the 
more active of these drugs, especially for P aeruginosa. 
This quinolone is metabolized significantly, with only 
20% to 30% of the parent compound recovered in the 
urine. The half-life is almost 4 hours, allowing for a 
12-hour dosing interval. An intravenous formulation of 
this drug is currently under investigation. Imipenem is a 
member of a new class of 8-lactam antibiotics known as 
the carbapenems. The drug has a broad spectrum of activ- 
ity somewhat similar to that seen with ciprofloxacin. It is 
not orally absorbed, and the intravenous formulation of 
the drug is combined with cilastatin, a dehydropeptidase 
enzyme inhibitor, which prevents metabolic destruction of 
imipenem by the kidney. The half-life of imipenem is just 
under 1 hour, and the drug is dosed every 6 hours. 


The last four drugs in Table 6 are commonly used 
agents for staphylococcal infections. Cefazolin has a half- 
life of almost 2 hours, is dosed every 8 hours, and requires 
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TABLE 7. MEAN SERUM CONCENTRATIONS AND 
ACTIVITY AGAINST PSEUDOMONAS AERUGINOSA FOR 
DIFFERENT ANTIMICROBIALS 


Dosage Mean Level 
Dose Interval __(vg/mL) — 


Drug (mg/kg) | (hr) Total Free MICso MIC90 
Amikacin 5 8 11.3 11.8 2 32 
Gentamicin Lj 8 3.8 3.8 2 32 
Netilmicin Ld 8 9,8 3.8 4 64 
Tobramycin l 8 38 3.8 l 6 
Azlocillin 50 4 59 35 16 64 
Carbenicillin 70 4 145 77 85 180 
Mezlocillin 50 4 54 35 34 128 
Piperacillin 50 4 54 29 6 54 
Ticarcillin 50 4 55 30 32 100 
Cefoperazone 30 12 39 3.9 6 25 
Cefotaxime 30 6 23 15 16 64 
Ceftazidime 30 8 37 3l 1 4 
Ceftizoxime 30 8 28 20 50 100 
Ceftriaxone 30 24 84 4.2 50 100 
Moxalactam 30 12 32 15 25 100 
Aztreonam 30 8 47 21 3 12,5 
Ciprofloxacin 7 (po) 12 10 0.8 0.25 0.5 
Imipenem 15 6 13 10 2 8 


MIC — minimum inhibitory concentration: 50-50% , 90-90 % . 
Data from references 212-214 and 217. 


dosage modification in renal impairment. Clindamycin 
has excellent anaerobic as well as staphylococcal activity, 
is dosed every 6 to 8 hours, and requires up to a 50% 
reduction in patients with severe liver disease. Nafcillin is 
the most commonly used penicillinase-resistant penicillin, 
has a short half-life requiring administration every 4 to 6 
hours, and requires no dosage adjustment except in pa- 
tients with concomitant renal and hepatic dysfunction. 
Vancomycin is active against methicillin-resistant staph- 
ylococci, is eliminated entirely by the kidney, and requires 
significant dosage modification in patients with renal im- 
pairment. Although the drug is commonly administered at 
900 mg every 6 hours, its long half-life allows therapeutic 
concentrations to be maintained with 1 g administered 
every 12 hours. 


The primary goal of antimicrobial chemotherapy is to 
deliver and maintain adequate concentrations at the site of 
infection. However, data on the penetration of the previ- 
ously mentioned antimicrobials into ME fluid or exudate 
are extremely limited and incomplete. Nevertheless, the 
new knowledge on the penetration of antimicrobials into 
tissues and body fluids provides a theoretical basis for 
predicting drug levels at extravascular sites. Serum protein 
binding appears to be one of the important determinants 
of tissue penetration, since only unbound drug molecules 
can pass readily through capillary pores into tissue fluids. 
Highly bound drugs would tend to remain within the in- 
travascular compartment, resulting in high serum levels 
but lower tissue levels. However, a major decrease in 
tissue concentration is not observed at binding values of 
less than 80%. 


The actual drug concentrations obtained in various tis- 
sues and body fluids are dependent on the ratio of the dif- 
fusing capillary surface area to the volume of fluid. In 
most tissues, the surface area of the capillaries is quite 
large in relationship to the small volume of interstitial flu- 
id. Antimicrobial drug concentrations at these sites show 
little lag and closely approximate free drug levels in ser- 


TABLE 8. MEAN SERUM CONCENTRATIONS AND 
ACTIVITY AGAINST STAPHYLOCOCCUS AUREUS FOR 
DIFFERENT ANTIMICROBIALS 


Dosage Mean Level 


Dose Interval | (g/mL) _ 


Drug (mg/kg) | (hr) Total Free MICso MIC90 
Cefazolin 30 8 27.5 3.3 0.20 1.56 
Clindamycin 10 6 9.0 05 0.06 0.06 
Nafcillin 30 6 8.3 09 0.40 0.80 
Vancomycin 15 12 16.8 7.6 0.80 1.60 


MIC — minimum inhibitory concentration: 50-50% ; 90-90%. 
Data from references 214 and 220. 


um. On the other hand, large inflammatory collections of 
pleural, peritoneal, and synovial fluids, as well as ab- 
scesses and ME fluids, have a smaller diffusing surface 
area relative to the volume of fluid. Changes in drug levels 
at these sites lag behind those in serum. Peak levels are 
generally lower and occur later than those in serum. In ad- 
dition, drug elimination from these foci is somewhat slow- 
er, resulting in higher concentration in the fluids than in 
serum toward the end of the dosing interval. However, the 
mean level and area under the concentration-versus-time 
curve of free drug in these tissue sites would be relatively 
similar to those in serum once steady state has been 
achieved. The total concentration of drug at an ex- 
travascular site is dependent on the concentration of pro- 
tein in the inflammatory fluid and the extent of protein 
binding. For drugs that are highly protein bound, inflam- 
matory fluids with low protein content would contain 
mean concentrations of total drug only slightly higher 
than those of free drug. On the other hand, fluids with 
high protein content would exhibit mean total drug levels 
similar to those obtained in serum. Thus, knowledge of 
mean total and free drug concentrations in serum enables 
one to estimate the range of drug concentrations con- 
ceivably present at an extravascular site such as the ME at 
steady state. It must be realized that it may take several 
days to reach equilibrium between serum and tissue con- 
centrations. Levels obtained after only one or two doses 
may underestimate the ultimate concentrations achieved 
at steady state. 


In order for an antimicrobial to be effective, it must at- 
tain free drug levels at the site of infection above the MIC 
for the organism being treated. Table 7????'*?" shows the 
total and free mean serum concentrations and MICs for P 
aeruginosa reported in the literature for commonly used 
dosage regimens of drugs that might be considered useful 
in the therapy of C Supp OM. Gentamicin and netilmicin 
provide mean free drug levels at steady state just at or 
above the MIC for 50% (MIC50) of P aeruginosa strains, 
while tobramycin and amikacin have concentrations well 
above the MIC50. None of the aminoglycosides achieve 
mean free concentrations above MIC90 of P aeruginosa, 
and only tobramycin comes close. Azlocillin and pipera- 
cillin are the only antipseudomonal penicillins that can 
provide mean free drug levels significantly above the 
MIC50, but again, not above the MIC90. Ceftazidime is 
the only older 8-1асїат antibiotic that can achieve mean 
free concentrations significantly above the MIC for 90% 
of P aeruginosa strains. This is in sharp contrast to other 
available third generation cephalosporins that are unable 
to do so. Measured drug concentrations in ME fluid or ex- 
udate of 15 to 20 „g/mL for cefotaxime and 2.2 to 3.2 
pg/mL for cefoperazone?!'*?'? are similar to the predicted 
mean free levels listed in Table 7.?'^?'*?"Aztreonam, 
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ciprofloxacm, and imipenem also should be able to pro- 
vide mean ree drug levels above the MIC90 of P aerugi- 
nosa. Basec on this approach, ceftazidime and these three 
newer drugs would appear to be excellent agents for fur- 
ther study m C Supp OM due to P aeruginosa. 


Table 8? 22° shows similar data for antistaphylococcal 
drugs. The usual dosage regimens for each of these drugs 
should ргот1де adequate free drug levels in ME fluids and 
exudates. Since the MICs for Enterobacteriaceae, especial- 
ly Proteus sp, are significally lower than for P aeruginosa, 
most of the drugs in Table 7?'??'*?" would similarly pro- 
vide adequate mean free drug levels in the ME. The 
penicillins and cephalosporins should provide adequate 
concentratons for anaerobic bacteria other than B 
fragilis. CEndamycin, metronidazole, and chlorampheni- 
col would »e more active agents for B fragilis. Timentin is 


a newly released combination of ticarcillin and clavulanic 
acid, a 8-lactamase inhibitor. This combination would of- 
fer extended activity against B fragilis as well as S aureus. 


The final determinant of activity of any of these drugs is 
their efficacy in clinical trials. It would be desirable to 
have much more data on the actual antimicrobial levels 
obtained with these drugs in ME fluids, particularly after 
steady state has been reached. This would help to validate 
the concepts on tissue penetration presented in this paper. 
It would also help determine whether treatment failures 
are occurring despite adequate drug penetration to the site 
of infection. If so, it would lead researchers to determine 
which local factors at infected foci are preventing other- 
wise adequate concentrations from being effective in the 
therapy of C Supp OM. 
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Chronic suppurative otitis media is an infection of the ME space associated with irreversible tissue disease. This entity is generally seen 
clinically as ME infection associated with a nonhealing perforation of the TM. It has significant complications and sequelae. Otologic com- 
plications of C Supp OM include petrositis, facial paralysis, and labyrinthitis. Intracranial complications include lateral sinus throm- 
bophlebitis, meningitis, and intracranial abscesses. Sequelae include osseous changes of the ME with associated hearing loss, cholestea- 


toma, and tympanosclerosis. 


INTRODUCTION 


Chronic suppurative otitis media is a common otologic 
problem with significant complications and sequelae. A 
complication is defined as a second condition or disease oc- 
curring during the course of a primary disease. A sequela 
is any lesion or affection following, or caused by, an attack 
of disease. Chronic suppurative otitis media is an infection 
of the ME space associated with irreversible tissue disease. 
Clinically, the term C Supp OM generally refers to ME in- 
fection with a nonhealing perforation of the TM; otorrhea 
is present in the active state, and cholesteatoma may be 
associated. Otologic complications of C Supp OM include 
petrositis, facial paralysis, and labyrinthitis. Intracranial 
complications of C Supp OM include lateral sinus throm- 
bophlebitis, meningitis, and intracranial abscess. Sequelae 
of C Supp OM include osseous changes of the ME, with as- 
sociated hearing loss, cholesteatoma, and tympanosclero- 
sis. 


OTOLOGIC COMPLICATIONS 


Petrositis is an uncommon complication occurring when 
ME or mastoid infection extends to the petrous apex. 
Gradenigo's syndrome, characterized by retro-orbital 
pain, aural discharge, and abducens palsy, is character- 
istic of petrositis. The bacteriology is varied, and includes 
S pneumoniae, H influenzae, P aeruginosa, and Proteus 
sp. Computed tomography is the definitive diagnostic 
radiographic study and will indicate the presence or 
absence of associated intracranial complications. ?' 


Treatment for apical petrositis involves antibiotic ther- 
apy and mastoidectomy with drainage of the cells of the 
petrous apex through communicating air cells. If neces- 
sary, a middle cranial fossa approach may be performed 
for exenteration of the apical air cells.????? 


Facial paralysis is occasionally seen in association with 
C Supp OM, particularly with cholesteatoma. Surgical 
therapy is necessary for these patients. In the absence of 
cholesteatoma, a complete mastoidectomy should be per- 
formed. If a cholesteatoma is present, the matrix should be 
carefully dissected from the fallopian canal.'?9:274(221497- 1498) 
Decompression of the fallopian canal and opening of the 
nerve sheath is controversial. 


Labyrinthitis occurs when ME infection involves the in- 
ner ear. This complication occurs most commonly by 
spread of infection through the oval or round window 
membrane, or through erosion of a semicircular canal by 
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cholesteatoma or granulation tissue. Labyrinthitis has 
been classified by Schuknecht’! (2241-24 into the follow- 
ing categories: 1) acute toxic (serous) labyrinthitis; 2) 
acute suppurative labyrinthitis; 3) chronic labyrinthitis; 
and 4) labyrinthine sclerosis. Acute toxic labyrinthitis is 
characterized by vertigo and sudden onset of hearing loss, 
which may be progressive or fluctuant. Early surgical ex- 
ploration is indicated to remove the source of infection and 
prevent the development of subsequent suppurative laby- 
rinthitis. 


With small bony labyrinthine fistulas, the matrix can 
generally be removed and the fistula patched with autog- 
enous tissue. In larger fistulas, and those involving the 
promontory, the matrix should be left in place and the ear 
reexplored at a reasonable interval, or an open cavity pro- 
cedure may be performed.??5 


Acute suppurative labyrinthitis is characterized by pro- 
found SNHL, roaring tinnitus, vertigo, nausea, vomiting, 
and pain. Nystagmus is often seen, with the rapid compo- 
nent beating toward the involved ear in the first minutes 
to hours of the disease (“irritative” nystagmus) and away 
from the involved ear with destruction of the membranous 
labyrinth. Histologically, inflammatory cells are seen in 
the cochlea and labyrinth (Fig 4). As infection of the laby- 
rinth can spread to the CNS, aggressive surgical treatment 
is indicated. Complete mastoidectomy with drainage of 
infection by unroofing the semicircular canals or complete 
labyrinthectomy is recommended, particularly in view of 
likelihood of impending intracranial complications.??* The 
bacteriology of C Supp OM is polymicrobial; P aerugi- 
nosa, Proteus sp, and anaerobes are frequently iso- 
lated." ??^?" Appropriate broad spectrum antibiotic thera- 
py should be initiated and adjusted on the basis of culture 
and susceptibility results. 


Chronic labyrinthitis is most commonly caused by ero- 
sion of the lateral semicircular canal by cholesteatoma. 
This entity is differentiated from acute labyrinthitis by its 
more gradual onset. Treatment involves mastoidectomy 
with appropriate management of the fistulas as outlined 
above. Labyrinthine sclerosis (labyrinthitis ossificans) is 
characterized by replacement of the labyrinth with fi- 
brous tissue and new bone (Fig 5). This is the end stage re- 
sult of suppurative or chronic labyrinthitis.''* 


INTRACRANIAL COMPLICATIONS 


Lateral sinus thrombophlebitis arises when mastoid in- 
fection penetrates the wall of this vessel. An infected 
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Fig 4. Inflammatory cells (arrow 
and inset) in seala tympani of hu- 
man infant with C Supp OM (orig- 
inal x40). 


thrombus forms, which may embolize from the internal 
jugular vein and cause septic infarcts. Patients with lateral 
sinus thrombophlebitis are systemically ill and have spik- 
ing fever in a “picket fence” pattern. Seizures, headache, 
and increased intracranial pressure with altered sensorium 
are seen; other intracranial complications, such as brain 
abscess and meningitis, may occur. Blood cultures are fre- 
quently positive and generally yield S pneumoniae. 
Management includes appropriate antibiotic therapy, 
with mastoidectomy and unroofing of the lateral sinus. 
The sinus is packed to control bleeding, with ligation of 
the internal jugular vein?” and ligation or tamponade of 
the lateral sinus above the infected clot. 


Meningitis is occasionally seen in association with C 
Supp OM. Infection may spread to the meninges by three 
routes: by direct extension, via preformed pathways, or by 
hematogenous spread. If the organism is not known, ini- 
tial antibiotic management includes administration of am- 
picillin and chloramphenicol.?? Cultures should be taken 
via lumbar puncture, and antibiotic therapy adjusted ac- 
cordingly. When the patient can tolerate general anes- 
thesia, mastoidectomy with appropriate management of 
cholesteatoma, if present, is ипаегёаКеп. 228: 23° 


Central nervous system abscesses can complicate C 
Supp OM. Extradural abscesses occur when infection pen- 
etrates the temporal bone, and granulatiorf tissue and pus 
collect lateral to the dura. Although signs and symptoms 
of extradural abscess can include fever, deep pain, men- 
ingismus, and CNS deficits, most of these abscesses are 
relatively asymptomatic. Extradural abscesses are usually 
identified at the time of mastoidectomy, and treatment 
consists of surgical drainage. Neurosurgical procedures are 
not usually required. Antibiotic therapy is based on cul- 
ture results. 224(9? 1501-2) .228 


Subdural abscesses collect between the dura and arach- 
noid. Patients with subdural abscess are very ill, with 
fever, septieemia, and prominent CNS signs. These may 
include hemiplegia, seizures, altered state of conscious- 
ness, and meningeal signs. The appearance of localizing 
neurologic signs in a patient with C Supp OM indicates 





the need for evaluation with CT. Prompt neurosurgical 
consultation, with drainage of the subdural abscess in 
combination with systemic antimicrobials, is the treat- 
ment of choice. Otologic surgery is delayed until the pa- 
tient’s condition is stable. Subdural abscess carries a 
significant mortality rate, and neurologic deficits after 
recovery аге соттоп.?”! 

Brain abscess is a relatively uncommon complication of 
C Supp OM. Infection spreads through the tegmen tym- 
pani or tegmen mastoideum to cause temporal lobe ab- 





Fig 5. Fibrosis and osteogenesis in scala tympani (ST) of 


basal cochlear turn of chinchilla with C Supp OM (original 
x40). 
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cerebellar abscess. Signs and symptoms of brain abscess 
may be relatively subtle and slow in onset. These patients 
are often not septic and may be afebrile. Localizing CNS 
signs may be absent, because the temporal lobe and lateral 
portion of the cerebellum are relatively silent brain areas. 
When the clinical suspicion of brain abscess exists, CT is 
the radiographic procedure of choice. This should be per- 
formed prior to lumbar puncture if any papilledema is 
present, to prevent the possibility of tentorial herniation. 
Brain abscess can be caused by a spectrum of bacterial 
pathogens, including Streptococcus Sp, S aureus, H in- 
fluenzae, and gram-negative and anaerobic bacteria." 


Antibiotic therapy initially consists of nafcillin, genta- 
micin or amikacin, and metronidazole. Alternatively, naf- 
cillin and chloramphenicol may be used.*^* Neurosurgical 
aspiration and drainage, or abscess excision, is performed, 
followed by otologic surgery to remove the focus of infec- 
tion when the patient is stable??? 


Chronic suppurative otitis media may result in conduc- 
tive and sensorineural hearing loss. Conductive hearing 
loss results from perforation of the TM and ossicular chain 
fixation or discontinuity. The ossicular chain may become 
fixed by fibrous tissue, tympanosclerosis, or new bone for- 
mation. Ossicular interruption occurs most commonly 
from necrosis of the lenticular process of the incus, or ero- 
sion of the ossicles by cholesteatoma.''*'? There аге 
multiple techniques for reconstruction of the TM and os- 
sicular chain; these have been described elsewhere. ^? Sen- 
sorineural hearing loss can be caused by infiltration of in- 
fectious or inflammatory agents through the semiperme- 
able round window membrane. Associated symptoms can 
include aural fullness, vertigo, and tinnitus. Evaluation of 
pathologic specimens has identified endolymphatic hy- 
drops and loss of hair cells, which may account for the 
clinical signs and symptoms, 06 0 


Hearing loss is a significant sequela of C Supp OM. 
Mild, intermittent hearing loss in children adversely af- 
fects articulation of consonants, but impairment of lan- 
guage, cognitive, Or psychosocial development is still open 
to debate.? Moderate and severe hearing loss advereely 


affect vocabulary and academic performance.?* The re- 
sultant linguistic problems may create parent-child rela- 
tionship difficulties and retardation of social develop- 
ment.”*? 


Acquired cholesteatoma is seen clinically as either a 
posterior-superior TM perforation (secondary acquired 
cholesteatoma), or attic retraction pocket or perforation 
(primary acquired cholesteatoma).?*° Although the patho- 
genesis of acquired cholesteatoma is poorly understood, it 
is felt to be secondary to ET dysfunction, causing retrac- 
tion and atelectasis of the TM, with progression to chole- 
steatoma.24"242 With growth of the cholesteatoma, ossicu- 
lar chain erosion, facial paralysis, labyrinthine fistula, 
and intracranial complications may result.?^? Treatment 
ideally consists of complete surgical removal, or ex- 
teriorization of the cholesteatoma sac. The choice of pro- 
cedure, whether intact canal wall technique or modified 
radical mastoidectomy, is controversial. Patient age, ex- 
tent of disease, ETF, and reliability of follow-up are fac- 
tors influencing the choice of procedure. 4924424? 


Tympanosclerosis is a common sequela of chronic in- 
flammatory disease of the ME space. It is clinically seen as 
white plaques of the TM. Histologically, tympanosclerosis 
consists of hyalinized collagen that is usually limited to the 
lamina propria of the TM, but may also involve the ME 
mucosa and ossicular chain.''* The pathogenesis of tym- 
panosclerosis is unclear. It may be related to inflammation 
or trauma of the TM and ME space, or it may be related to 
immunologic mechanisms acting on the subepithelial con- 
nective tissue.'?*?*° Generally, tympanosclerosis requires 
no treatment. 


In the presence of ME effusion requiring intervention, 
tympanostomy tubes should be placed in an area of the 
TM uninvolved with disease. If the ossicular chain and 
ME space are involved with significant conductive hearing 
loss, tympanoplasty with ossicular chain reconstruction is 
indicated. The best management of tympanosclerosis is 
prevention. Early and appropriate management of in- 
flammatory disease of the ME space may reduce the inci- 
dence of this disease and the associated ossicular chain fix- 
ation . 120,135,246 


CONSENSUS 


EPIDEMIOLOGY AND NATURAL 
HISTORY 


The Workshop conferees agreed that there is limited in- 
formation related to the epidemiology and natural history 
of C Supp OM without cholesteatoma. The only data that 
are available come from specialized populations, such as 
the American Indians, and these are limited to prevalence 
data. It was concluded that a formal study is needed to 
establish the incidence and prevalence of C Supp OM in 
the general population, as well as in certain otitis-prone 


groups. 
MICROBIOLOGY 


The conferees concluded that definitive studies of the 
microbiology of C Supp OM have not been reported in the 
past. They suggested that future microbiologic studies in- 
clude culture for both aerobic and anaerobic microorgan- 
isms, as well as Gram's stain. Materials available for 
cultures are as follows. 


Otorrhea. The culture can be obtained directly from the 
external auditory canal, orifice of the tube or perforation, 
or from the ME through a separate puncture site through 
the TM. Otorrhea from the ear canal may be contami- 
nated with flora from the external auditory canal and, 
therefore, not accurately reflect infection of the ME; treat- 
ment should not be based on these cultures. Otorrhea ob- 
tained from the orifice of the tube or perforation should 
more accurately reflect true infection of the ME. How- 
ever, these cultures may be contaminated by flora colon- 
izing the edge of the orifice of the tube or perforation, and 
if these culture results are used to guide medical therapy, 
these possible limitations must be kept in mind. 


If feasible, or if the tube or perforation is blocked by 
dried secretions, blood, or granulation tissue, or the TM 
appears to be intact, then culture of the ME fluid via tym- 
panocentesis should be performed. 


Before any culture of the ME is attempted, the external 
auditory canal should be mechanically cleansed and 
swabbed with 70% isopropyl alcohol, and any debris or 
foreign matter should be removed from the TM surface or 
tube or perforation orifice. 


Middle Ear Mucosa. Biopsy of the ME mucosa may be 
desirable, especially if there is a large perforation of the 
ME or if the patient is undergoing tympanoplasty, ex- 
ploratory tympanotomy, or mastoidectomy. Biopsy of the 
mucosa provides a pathology specimen and an actual piece 
of infected tissue, which may provide a more accurate 
microbiologic diagnosis than possibly cont&minated secre- 
tions obtained from the orifice of the tube or perforation. 


Mastoid Portions of Temporal Bone. The mastoid is in- 
fected when C Supp OM is present. Since C Supp OM in- 
volves the mucosal lining of the mastoid and possibly the 
periosteum as well, biopsy of the mastoid bone performed 
during mastoidectomy probably provides the best patho- 
logic material for bone histopathology and culture. In cer- 
tain cases, it may be appropriate to obtain a needle as- 
pirate of the mastoid rather than an open biopsy. 


Granulation Tissue. Granulation tissue is often present 
with C Supp OM. Although this is usually considered a 
response to infection, other pathologic conditions can look 
grossly very similar; ie, eosinophilic granuloma. There- 
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fore, if granulation tissue is present on examination of the 
ear, it should be sent for both culture and histologic study. 
Granulation tissue should also be removed during any de- 
bridement of the ear, as its presence makes evaluation of 
the external ear and ME more difficult, and may help per- 
petuate the infection. 


Recommendations. Material for culture should always 
be obtained prior to the start of treatment of C Supp OM. 
If medical treatment is planned, this will guide the choice 
of antimicrobial therapy. If surgery is planned, then ap- 
propriate perioperative antimicrobials can be employed. 


PATHOGENESIS 


Limited information on the pathogenesis of C Supp OM 
is available at the present time. Areas for future research 
include studies of ET dysfunction, associated systemic 
diseases including allergy, and the microbiology of C Supp 
OM. Specifically, is a defect of the TM always necessary 
for C Supp OM to occur, or can this disease process devel- 
op behind an intact TM? Does C Supp OM always develop 
as a consequence of A Supp OM, or can it develop as a sep- 
arate entity? 


ANIMAL MODELS 


The conferees discussed the limitations of applying in- 
formation derived from animal models of C Supp OM, but 
stressed that the cause, pathogenesis, and disease can be 
examined in animals. In addition, animal models could be 
used to study the effectiveness and safety of certain 
treatments for C Supp OM. Specifically, the effects of 
ototopical agents on the inner ear in both the normal and 
the disease state can be evaluated. 


PATHOLOGY 


The conferees recommended studies in both animals 
and humans to determine the possible relation between 
the microbiology and the pathology of C Supp OM. There 
is also a need to determine when the pathologic changes of 
C Supp OM are reversible or irreversible, which would be 
important in determining whether medical or surgical 
treatment, or both, are indicated. 


DIAGNOSIS 


The conferees stressed that accurate diagnosis of the of- 
fending organism(s) may not be determined by culturing 
the site of the perforation or the tympanostomy tube. 
Biopsy of the bone or other tissue is considered the most ac- 
curate technique for diagnosis of infection in other sites. 
Specifically, in osteomyelitis, biopsy and culture of the 
bone is considered the “gold standard” for diagnosis and 
effective treatment (see Microbiology section). 


In suspected osteomyelitis in other sites, radiographic 
evaluation of the bone is the most predictive method to 
determine involvement. Radionuclide scans are not al- 
ways helpful in determining the extent of the disease and 
response to therapy. Further, it is not known if these 
studies can be extrapolated to C Supp OM. 


Studies to determine the most effective method of mak- 
ing a definitive diagnosis are in order, eg, aspiration of 
mastoid bone, biopsy of mucosa or bone, etc. There is a 
need to assess MRI to determine whether it would be a bet- 
ter, noninvasive way to visualize the existence of chronic 
changes within the ME and mastoid than CT scans or 
plain mastoid radiographs. 
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Better methods for eliminating cholesteatoma as a cause 
for chronic otorrhea should be investigated. These 
methods should always include careful otomicroscopic 
evaluation of the ME, as well as radiographic and au- 
diometric studies. If a large air-bone gap or an SNHL is 
noted on the same side as the disease, and/or if there is ex- 
tension of the disease outside the mastoid bone on radio- 
graphic study, then cholesteatoma should be strongly sus- 


pected. 


The conferees agreed that all clinicians caring for chil- 
dren who have chronic drainage from the ear should ob- 
tain specimens for microbiologic assessment, including 
Gram’s stain and culture; and if the drainage does not 
clear on conservative treatment, the child should be re- 
ferred to an otolaryngologist for further evaluation. 


PEDIATRICIAN SURVEY 


The conferees applauded Dr Nelson’s survey of pediatri- 
cians in practice in the Dallas area, which revealed a 
variety of approaches to the problem of C Supp OM. Be- 
cause of a lack of unanimity of methods of approach to the 
treatment of children with this disease process, the con- 
ferees recommended prospective clinical trials to identify 
the most appropriate and effective methods of manage- 
ment intervention. 


OTOTOXICITY OF OTOTOPICAL AGENTS 


The conferees recommended that ototopical agents 
should be prescribed with caution for children with nonin- 
tact TMs, since animal studies have shown histopathologic 
changes in the inner ears of animals that have had certain 
ototopical medications applied to their MEs. These medi- 
cations include many of the agents that currently are now 
prescribed for C Supp OM. Further laboratory and clini- 
cal studies are urgently needed to determine if these histo- 
pathologic changes translate into hearing loss, and wheth- 
er the same changes occur if the medications are applied to 
a diseased ME, since most of the studies have been done on 
healthy animals without ME disease. 


The conferees recommended prospective randomized 
clinical trials that are placebo-controlled and douBle- 
blinded, in both animals and humans with and without C 
Supp OM. 


ANTIPSEUDOMONAL AGENTS 


The conferees recommended efficacy and safety (eg, 


ototoxicity) studies of old and new systemic antimicrobial 
agents, and combinations of agents, for patients with C 
Supp OM. The conferees stressed that physicians should 
not extrapolate the natural history of Pseudomonas infec- 
tions in other parts of the body to that of Pseudomonas C 
Supp OM; the ME and mastoid should be considered a 
unique area that has not been adequately studied in the 
past. 


CLINICAL PHARMACOLOGY 


The conferees recommended that studies are needed to 
determine the pharmacokinetics of antimicrobial agents in 
patients with C Supp OM. These studies, which should in- 
clude ototopical agents and systemic agents, should be 
conducted in both animals and humans. 


MEDICAL THERAPY OF OSTEOMYELITIS 


The conferees recommended studies to determine the ef- 
ficacy of parenteral and oral antimicrobial therapy for pa- 
tients with C Supp OM, given on both an inpatient and an 
ambulatory basis; they noted that intravenous outpatient 
therapy is a safe and effective method for other disease 
states. 


SURGICAL THERAPY 


Randomized clinical trials of the various surgical 
methods to eradicate and prevent C Supp OM should be 
conducted and should be compared with the most effective 
and safest methods of nonsurgical management. The con- 
ferees noted that nonsurgical management also includes 
local debridement of the area without major mastoid and 
ME surgery. 


PREVENTION 


The conferees recommended that clinical trials be con- 
ducted to determine the most effective and safest methods 
to prevent C Supp OM in children. 


COMPLICATIONS AND SEQUELAE 


Studies of the cause of the complications and sequelae 
that occur in patients with C Supp OM should be per- 
formed. These studies should include the assessment of 
hearing, as well as intratemporal and extratemporal 
suppurative complications. 
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INTRODUCTION 


Biochemical and immunologic events in the mid- 
dle ear during otitis media are central to the 
pathogenesis of this disease. Understanding these 
changes is important in designing successful in- 
terventior strategies to treat more effectively and, 
ultimately, to prevent the recurrence and chronic- 
ity of the disease. This Symposium summarizes cur- 
rent information on the biochemistry and immunol- 
ogy of otitis media and suggests avenues for further 
investigation. 


Middle ear effusions (MEEs) contain significant 
concentrations of hydrolytic enzymes, and these en- 
zymes bathe potential substrates for hydrolysis, 
such as membrane glycoproteins and glycolipids. 
These enzymes may damage cellular membranes 
and aggravate the middle ear damage of otitis me- 
dia. Diven et al (this Supplement, p 6) reported on 
their studies of bacterial neuraminidases in a chin- 
chilla model of purulent otitis media (POM). They 
have observed defined patterns of neuraminidase 
activity in MEE over time. Infection caused by 
Streptococcus pneumoniae and Branhamella catar- 
rhalis was characterized by elevated neutral 
neuraminidase and neutral phosphatase. Hemophi- 
lus influenzae otitis media induced MEE with ele- 
vated neutral neuraminidase, neutral and acid 
phosphatase, and neutral 8-galactosidase. Pseudo- 
monas infection of the middle ear also elevated all 
neuramiridases in MEE. Most enzyme activities in- 
creased with time after bacterial inoculation. An- 
tibiotic therapy of experimental pneumococcal 
otitis media caused a decline in hydrolytic and 
neuraminidase enzyme activity. 


Juhn and Hamaguchi (this Supplement, p 10) re- 
ported their studies of proteases ol-antitrypsin 
(«1-АТ) and a2-macroglobulin (o2-M) and of the 
protease inhibitors, antitryptic activity (ATA), and 
trypsin binding activity (TBA) in paired plasma and 
МЕЕ; fram three experimental otitis media models. 
They found the MEE/plasma ratio of al-AT to be 
significantly higher in the serous otitis media (SOM) 
model than in the POM model. The MEE/plasma 
ratio of both inhibitors was significantly higher in 
the POM model than in the combined SOM + POM 
model. Most of the inhibitors in the SOM model ex- 
isted in tae free state, whereas the degree of com- 
plex formation between proteases and inhibitors 
was higher in POM and SOM + POM than in SOM. 
These observations suggested that protease in- 
hibitors may protect the middle ear mucosa (MEM) 
by forming protease-inhibitor complexes to reduce 
proteolytc damage in both the POM and 
SOM + POM models. 


Among the various inflammatory mediators of 
otitis media, arachidonic acid (AA) metabolites, 
which are derived from cell membrane phospholip- 
ids, appear to play a major role in the pathogenesis 
of otitis media. Jung (this Supplement, p 14) has 
assayed MEEs and middle ear tissues to identify AA 
metabolites in otitis media, to localize cyclo- 
oxygenase in the MEM cells, to study the effects of 
exogenous prostaglandins on the composition of ef- 
fusion, and to investigate the therapeutic uses of in- 
hibitors of AA metabolites. Higher levels of leuko- 
triene B4 and prostaglandin E2 in MEE appeared to 
reflect acute inflammation, whereas levels of 
6-keto-prostaglandin F la reflected chronicity of oti- 
tis media with effusion (OME). Higher levels of lip- 
oxygenase products were associated with mucoid ef- 
fusion. Jung's study of inhibitors of AA suggested 
that lipoxygenase products may be more important 
in chronic OME pathogenesis than cyclooxygenase 
products. 


Bernstein (this Supplement, p 19) presented an 
overview of new perspectives on the immunology of 
otitis media. It has been suggested that the tonsils 
and adenoids may be the site of precursors for B 
cells and T cells leading to the humoral and cellular 
immune responses in the middle ear. Although this 
hypothesis has not been proven, Bernstein specu- 
lated that IgD B cells may provide early clones of B 
cells, which subsequently develop into IgA J- 
chain-positive cells responsible for the secretory im- 
mune system in the middle ear during otitis media. 
The presence in MEE of plasma cells and B cells 
specific for Streptococcus mutans and bovine serum 
albumin (antigens that are rarely, if ever, found in 
the middle ear) suggests that these cells have been 
derived from the tonsils. 


Bernstein is also investigating the potential role of 
subtle immune deficiency in the otitis*proge child. 
One possible factor in the development of itis 
proneness is the genetic inability of some children to 
produce a sufficient quantity of humoral antibodies 
against bacteria that invade the middle ear. Anti- 
body levels, particularly those of the IgG subclass 
against six bacteria and one fungus, were signifi- 
cantly lower in serum from otitis-free control chil- 
dren. А marked difference was observed between 
the patient groups in antibody against Staphylo- 
coccus epidermidis, a bacterium frequently isolated 
in chronic OME samples. 


Bernstein also suggested that immune complexes 
against food antigens may be present in middle ear 
fluid. Whether or not these immune complexes can 
activate complement and produce inflammatory 
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mediators and, thereafter, tissue injury remains 
speculative. 


Ryan (this Supplement, p 24) presented evidence 
that the development of an effective immune re- 
sponse plays an important role in the resolution of 
chronic OME. High levels of immunoglobulins, in- 
cluding antibodies against middle ear pathogens, 
are present in the effusions of chronic otitis media 
and appear to contribute to the sterility of the effu- 
sions of chronic otitis media. Since the middle ear is 
lined by a mucosa, it is reasonable to compare im- 
mune responses in the middle ear cavity to those ob- 
served at other mucosal sites. However, the MEM is 
unique. Normally it is a rudimentary structure with 
few resident lymphocytes and no lymphoid tissue. 
Therefore, the middle ear must constitute an im- 
mune response de novo each time such a response is 
required. Ryan and his colleagues investigated im- 
mune responses in the middle ear of guinea pigs us- 
ing keyhole limpet hemocyanin, an antigen that 
sensitizes both humoral and cell-mediated immuni- 
ty. They observed that the afferent connections be- 
tween the middle ear and systemic immunity were 
poor, and local immunologic resources in the mid- 
dle ear were limited when the mucosa was normal. 
However, antigens from the middle ear reached 
regional lymph nodes, where systemic immune re- 
sponses developed that were subsequently expressed 
in the middle ear. Therefore, the middle ear is de- 
fended poorly against infection that originates at 
this site, but it does contribute to the immune 
response. 


The pathogenesis of chronic OME has not been 
established definitively, and the contribution of 
bacteria to this stage of the otitis media continuum 
has been the focus of research over the past 15 
years. Recently, attention has focused on the role of 
biologically active bacterial cell wall components 
that may not be eradicated by host defense mecha- 
nisms and may persist in the middle ear following 
antimicrobial drug treatment. The presence of 
bacteria, usually gram-positive cocci, in Gram's 
stained smears of many sterile MEE samples from 
сһаббїс otitis media has indicated that killed 

ebacteria are retained in the middle ear space. 

Moreover, endotoxin and pneumococcal capsular 
polysaccharides have been detected in sterile MEEs 
from chronic otitis media. Since H influenzae and 
Moraxella catarrhalis, endotoxin-containing gram- 
negative microorganisms, and S pneumoniae are 
principal causes of acute otitis media, the presence 
of subcellular components from these organisms in 
MEE from chronic otitis media suggests that bac- 
terial cell wall products may contribute to the path- 
ologic transition from acute to chronic OME. 


Giebink et al (this Supplement, p 28) reported 
their studies of the middle ear inflammatory re- 
sponse of chinchillas to killed encapsulated and 
nonencapsulated S pneumoniae and to isolated 


pneumococcal cell wall. Cytologic and biochemical 
analyses of middle ear fluid and quantitative histo- 
pathologic study of the middle ear mucoperiosteum 
were employed. All forms of acute and chronic mid- 
dle ear mucoperiosteal histopathology caused by 
viable, replicating pneumococci were also caused 
by nonviable pneumococci and isolated pneumo- 
coccal cell wall. These results suggest that treat- 
ment of pneumococcal otitis media with cell 
wall-active antibiotics may release products of cell 
wall lysis and further enhance middle ear inflam- 
mation. 


DeMaria (this Supplement, p 31) reported that 
inoculation of as little as 600 ng of endotoxin de- 
rived from H influenzae into the chinchilla middle 
ear induced severe inflammatory changes in the 
mucoperiosteum. One nanogram of endotoxin in- 
duced capillary permeability and increased subepi- 
thelial connective tissue density. Endotoxin was 
found to disturb normal mucociliary transport in 
guinea pig middle ears. Therefore, minute quan- 
tities of endotoxin, which undoubtedly persist in 
middle ears after H influenzae or M catarrhalis-in- 
duced acute otitis media, may maintain inflamma- 
tion and result in chronic OME. Moreover, endo- 
toxin can pass from the middle to the inner ear and 
may thereby contribute to inner ear sequelae of oti- 
tis media, ie, sensorineural hearing loss. 


Faden et al (this Supplement, p 34) reported on a 
longitudinal study of otitis media in children from 
birth through 5 years of age presently being con- 
ducted at the Children's Hospital of Buffalo. The 
children are examined frequently, and blood and 
middle ear fluid samples are collected to identify 
the infectious agent and specific antibody responses 
to the infecting microbe. Faden et al presented data 
that confirmed the presence of specific antibodies to 
nontypeable Н influenzae (NTHI) in the serum and 
MEE of children with chronic OME. Children of all 
ages possessed antibodies against NTHI. Antibody 
in MEE reflected prior exposure to NTHI, and re- 
current otitis media was associated with higher lev- 
els of antibody in MEE. However, levels of anti- 
body in MEE declined between episodes of infec- 
tion. 


In summary, the biochemical and immunologic 
characteristics of MEESs reflect inflammatory 
changes taking place in middle ear tissues. Studying 
changes in hydrolytic enzymes, protease inhibitors, 
and inflammatory mediators in MEE, and corre- 
sponding changes in middle ear tissues through the 
continuum of otitis media, remains an important 
avenue for continued research. It is important to 
better understand how the biochemical parameters 
present in the middle ear contribute to recovery 
from otitis media so that specific intervention 
strategies can be formulated. The identification and 
study of the inflammatory effects of bacterial cell 
envelope and cytoplasmic factors on the pathogene- 
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sis of otitis media are also important areas of 
research. Immunologic events taking place in the 
middle ear contribute to the local defense mecha- 
nisms against bacterial infection. The role of specif- 
ic antibacterial antibody isotypes and subclasses, 
the identification of bacterial epitopes against 
which protective antibodies are directed, and the 
characterization of cell-mediated events in protec- 
tion and recovery from otitis media need further 
study. 


Identification of specific biochemical and immu- 
nologic determinants of the severity of middle ear 


inflammation might allow clinicians to manage 
otitis media more accurately. To identify these 
determinants, it will be necessary to study relation- 
ships between clinical findings and biochemical, 
immunologic, and morphologic parameters in hu- 
man otitis media and in animal models. This Sym- 
posium provided baseline information that will be 
useful in designing future research on the biochem- 
istry and immunology of otitis media. 


Steven K. Juhn, MD 
G. Scott Giebink, MD 


Ann Otol Rhinol Laryngol 97:1988 
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INTRODUCTION 


Studies from several laboratories have documented 
the presence of significant activity levels for various 
hydrolytic enzymes in middle ear effusion (MEE) 
from patients with acute, chronic, or recurrent oti- 
tis media. Our own studies have focused in part on 
the comparison of microbiologic findings with en- 
zyme activity." Middle ear effusions removed from 
patients with chronic or acute otitis media have 
been cultured and analyzed for enzyme activity. 
Mean enzymatic activity was found to be higher in 
the culture-positive effusions, but generally these 
differences were not statistically significant. These 
findings suggested that microorganisms might con- 
tribute to an increase in MEE enzyme activity by 
directly secreting enzyme into the middle ear or by 
promoting a host response. Either mechanism would 
result in enzyme activity that is increased relative to 
that resulting from a host inflammatory response. 


Study of the possible pathologic contribution of 
these hydrolases is dependent upon the develop- 
ment of a suitable animal model in which otitis me- 
dia can be induced experimentally and enzymatic 
activities can be determined. Using the chinchilla 
animal model of acute otitis media, activities of sev- 
eral hydrolytic enzymes have been documented in 
experimentally induced MEE.? In that model, one 
enzyme, neuraminidase, was shown to be capable 
of altering the middle ear mucosa (MEM), with po- 
tentiallyedetrimental results.* In the present study 
wee bmpared the enzyme activities in MEE induced 
æy Escherichia coli endotoxin to those in MEE that 
was the result of bacterial infection. We have also 
investigated the effect of antibiotic therapy on the 
expression of hydrolytic enzyme activity in MEEs 
resulting from acute otitis media. 


MATERIAL AND METHODS 


Endotoxin Experiments. Lipopolysaccharide B, 
12.3 ug/100 uL, from each of the four strains of E 
coli (0111:B4, 055:B5, 0127:B8, 0128:B12) was sus- 
pended in normal saline. By means of previously re- 
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ported techniques, 100 uL of the suspension was in- 
oculated by the superior bullar approach into the 
middle ears of four chinchillas, bilaterally.* Ears 
were examined daily for the presence of an effusion 
by use of otomicroscopy and tympanometry. Effu- 
sions were collected by myringotomy on day 4 after 
inoculation. All recovered effusions were cultured 
for aerobic bacteria and submitted for assay of en- 
zymatic activity and total protein. Enzyme activity 
in these effusions served as a baseline for compari- 
son with those induced by the bacterial infection 
models. 


Bacterial Experiments. Sixteen animals were di- 
vided into four groups of four animals each. By the 
superior bullar approach, group 1 animals were in- 
oculated bilaterally with approximately 150 colony- 
forming units (CFU) of Streptococcus pneumoniae 
(type 3), group 2 with approximately 150 CFU of 
nontypeable Hemophilus influenzae, group 3 with 
approximately 5,000 CFU of Branhamella catar- 
rhalis, and group 4 with approximately 50 CFU of 
Pseudomonas sp. All organisms used had been re- 
covered originally from the effusions of children 
with persistent (B catarrhalis, S pneumoniae, Н in- 
fluenzae) or chronic (Pseudomonas) otitis media 
with effusion (OME) and were previously shown to 
induce effusions at the inoculum dosage in the chin- 
chilla animal model.* Effusions from all ears were 
recovered on day 4 by myringotomy and tympano- 
centesis. Collected effusions were labeled, cultured, 
and submitted for assay of enzymatic activity. 


The hydrolytic enzymes assayed were those shown 
previously to be present in МЕЕ; of children with 
persistent OME and included neuraminidase, hex- 
osaminidase, a-mannosidase, phosphatase, 8-galac- 
tosidase, and 8-glucuronidase. Hydrolase activity 
was determined at acid (pH 4.0 to 5.5) and neutral 
(pH 6.4) pH using artificial substrates as previously 
described.'? Total protein was determined by the 
method of Lowry et al’ using bovine albumin as the 
standard. Unless otherwise noted, all results are 
presented as activity per milliliters of effusion. 
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TABLE 1. EYDROLASE ACTIVITY IN ESCHERICHIA COLI 
ENDOTOXIN-INDUCED MIDDLE EAR EFFUSIONS 


Nerraminidase 

Acid 210 U/mL 

eutral 92 U/mL 
Hexosaminidase 

Scid 26,400 U/mL 

eutral 4,290 U/mL 
a-M annosidase 

Acid 4,410 U/mL 

eutral 207 U/mL 
Phesphatase 

Acid 2,600 U/mL 

eutral 1,460 U/mL 
B- Calactosidase 

Acid 632 U/mL 

eutral 86 U/mL 
B-Clucuronidase 

Acid 956 U/mL 

eutral 167 U/mL 


Antibictic Experiments. The middle ears of 30 
healthy adult chinchillas were inoculated bilateral- 
ly with approximately 150 CFU of S pneumoniae 
(type 3) v.a the transbullar approach. All ears were 
examined on day 2 to document middle ear inflam- 
mation ава effusion by tympanometry and otomi- 
croscopy. Beginning on day 3 and for the duration 
of the 1£-day experiment, 15 of the animals re- 
ceived 10) mg of ampicillin intramuscularly every 
12 hours. Four MEEs from both the treated and un- 
treated groups of animals were recovered on days 5, 
7, 10, anc 12 by tympanocentesis. Sample effusions 
were labded, cultured, and submitted for enzyme 
analysis. The activities of neuraminidase, a-man- 
nosidase, 8-glucuronidase, phosphatase, 6-galac- 
tosidase, and hexosaminidase were determined at 
both acid and neutral pH. Activities were expressed 
as units рег milligram protein, and median values 


of enzymatic activities in the effusions were calcu- 
lated for the two groups of animals on each of the 
four sample days. 


RESULTS 


On the third day after inoculation of the middle 
ear with E coli endotoxins, all ears showed tympan- 
ometric and otomicroscopic evidence of an MEE. 
A thin, serous, amber-colored effusion was recov- 
ered from the four middle ears aspirated on day 4. 
All recovered effusions were culture-negative for 
the presence of aerobic bacteria. Mean data for 
acidic and neutral enzyme activity for these effu- 
sions are reported in Table 1. For these effusions, 
the activities assayed at the more acidic pH are 
greater than those assayed at neutral pH for all en- 
zymes. This suggests a single isoenzyme for each of 
the enzymes with pH optima within the acidic 
range. 


All middle ears inoculated with S pneumoniae, H 
influenzae, and Pseudomonas developed an effusion 
from which the inoculated organism could be re- 
covered on culture. For B catarrhalis inoculations, 
effusions developed in one half of the middle ears, 
but the organism was not recoverable from any ef- 
fusion on culture. The ratios of the mean enzymatic 
activities in effusions collected at day 4 from ani- 
mals infected with S pneumoniae, H influenzae, B 
catarrhalis, and Pseudomonas sp to the mean activi- 
ties measured in the endotoxin-induced effusions 
are shown in Table 2. These ratios serve as an index 
of relative activity and were designed to identify 
specific enzymatic activity not related to an inflam- 
matory response. 


The enzyme ratios reported for Pseudomonas vary 
from 2.2 (a-mannosidase, acid) to 10.7 (phosphatase, 


TABLE 2. RATIOS OF ENZYME ACTIVITIES IN BACTERIA-INDUCED MEE TO THOSE IN ENDOTOXIN-INDUCED MEE 


Nontypeable 
Hemophilus Branhamella Streptococcus 
influenzae catarrhalis pneumoniae Pseudomonas 

Neuraminidase " 

Acid 0.1 1.1 0.6 Ba 

Neutral 1.4 0.9 29.0 5.2 " 
Hexosaminicase " 

Acid 2.5 LJ 1.2 6.7 

Neutral 35.0 8.4 1.5 re 
a-Mannosid-se 

Acid 1.8 0.8 0.9 9.9 

Neutral 2.8 1.2 LI 4.6 
Phosphatase 

Acid 7.6 1.7 3.4 Td 

Neutral 11.0 4.1 6.0 10.7 
B-Galactosicase 

Acid 2.0 0.3 1.6 3.8 

Neutral 7.9 1.8 2.4 4.7 
B-Glucuroni4ase 

Acid 8.7 1.1 2.0 ris 

Neutral 1.3 1.2 1.2 4.6 


MEE — middle ear effusion. 
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TEMPORAL PATTERNS 


| e 3 


ACTIVITY 


TIME 


General idealized patterns of enzyme activity as function 
of time. See text for explanation of patterns 1, 2, and 3. 


neutral), indicating an increase in enzymatic activi- 
ty across the spectrum of assayed hydrolases. 


The ratios reported for enzyme activity in MEEs 
resulting from S pneumoniae infections are with 
two exceptions less than 3.4, indicating relatively 
little increase over baseline endotoxin levels. The 
two exceptions are neuraminidase (neutral) and 
phosphatase (neutral). For the latter, activity is in- 
creased over baseline for effusions collected from all 
MEE: secondary to instillation of any viable organ- 
isms. Thus, this elevation is most probably reflec- 
tive of an active infection and not specific to S pneu- 
moniae. The 29-fold elevation relative to endotoxin 
for pH 6.4 neuraminidase activity does appear to be 
specific to S pneumoniae, indicating a bacterial ori- 
gin for this enzyme. 


For Н influenzae infections, the ratios of neutral 
hexosaminidase, acid phosphatase, and neutral 6- 
galactosidase, in addition to the neutral phospha- 
tase, are all elevated and suggest a significant in- 
crease in activity over baseline. 


The ratios reported for enzyme activity in MEE 
resulting from B catarrhalis are with two exceptions 
less than 2.0, indicating no significant increase over 
baseline endotoxin activities. The two exceptions are 
hexosaminidase (neutral) and phosphatase (neutral). 
Phosphatase elevations seem to occur in every instance 
of instillation of viable organisms and, as mentioned 


-— be suggestive of an active infection. 


Antibiotic Studies. For untreated animals, all re- 
«covered effusions were culture-positive for S pneu- 
moniae. In contrast, those effusions recovered from 
the ampicillin-treated animals were sterile for aero- 
bic bacteria. Activities measured for all enzymes 
were greater in the effusions of the untreated ani- 
mals than in those of the ampicillin-treated ani- 
mals, and for the majority of the enzymes, these dif- 
ferences were observed to increase with time. 


To define the pattern of change in enzymatic ac- 
tivity over time, the median values of the activities 
were plotted as a function of time for each of the en- 
zymes in the effusions from the treated and un- 
treated animals. These plots were all characterized 
by the patterns of change illustrated in idealized 
form in the Figure. Pattern 1 depicts a relatively 


TABLE 3. DISTRIBUTION OF ENZYMES WITH RESPECT 
TO TEMPORAL PATTERNS 


Temporal Pattern Observed Relation of 


Enzyme Not Treated Treated Activities 
Phosphatase 

Neutral 2 3 NIST 

Acid 2 3 NT>T 
B-Glucuronidase 

Neutral 1 3 NT>T 

Acid 1 1 NT=T 
Hexosaminidase 

Neutral 2 2 NT>T 

Acid 2 3 NIST 
B8-Galactosidase 

Neutral 1 1 NT>T 

Acid 2 3 NT>T 
a-Mannosidase 

Neutral 2 1 NT>T 

Acid 2 3 NT>T 
Neuraminidase 

Neutral 3 3 NT>T 

Acid 3 3 NT=T 
Summary 

Pattern 1 3 3 

Pattern 2 7 1 

Pattern 3 2 8 


See text and Figure for explanation of temporal patterns. 
NT — not treated, T — treated. 


stable activity over time and is characteristic of the 
acid and neutral activities of 8-glucuronidase and 
the neutral activity of 8-galactosidase in untreated 
animals. Pattern 2 is defined by an increase in activ- 
ity with time and is characteristic of the acidic 8-ga- 
lactosidase activity in untreated animals. The dis- 
tribution of the various enzymes with respect to 
these temporal patterns is summarized in Table 3. 
Also shown are the comparative activities for effu- 
sions of the treated and untreated animals. For the 
untreated animals, pattern 2 is characteristic of sev- 
en of 12 of the enzymes assayed. However, for the 
effusions from the treated animals, eight of the 12 
assayed enzymatic activities showed the time-de- 
pendent decay associated with pattern 3. 


DISCUSSION 


Middle ear effusions produced either in response 
to an acute bacterial infection or by a sterile inflam- 
matory response contain significant levels of hydro- 
lytic enzyme activity. In the middle ear these enzymes 
exist in an environment rich in potential substrates 
for hydrolysis, such as membrane glycoproteins and 
glycolipids. If such activities persist in the middle 
ear for any length of time, damage to cellular mem- 
branes could occur and aggravate the pathologic 
consequences of the disease. 


The neuraminidase activity found in MEE result- 
ing from S pneumoniae infection seems to be clearly 
a product of the microorganism. Likewise, it is pos- 
sible that a component of the elevated phosphatase 
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activity feund in S pneumoniae- and Н influenzae- 
induced MEE is the presence of microbial products. 
The eleveted activities found for other enzymes are 
characteristic of infections by particular microor- 
ganisms. Middle ear effusions resulting from S 
pneumon-ae infections are characterized by eleva- 
tions in neutral neuraminidase and neutral phos- 
phatase, while H influenzae-induced MEEs are 
characterized by marked elevations in neutral hex- 
osaminidase, neutral and acid phosphatase, and 
neutral 3-galactosidase. Pseudomonas-induced 
MEEs heve marked elevations in all the enzymes 
tested, waile those effusions resulting from instilla- 
tion of B catarrhalis had only elevations of neutral 
hexosaminidase and neutral phosphatase activities. 
Branhamella catarrhalis seems to be cleared rapidly 
from the middle ear under the conditions used in 
these experiments, since we have been unable to 
culture tais microorganism from MEE. However, 
the elevated activities of neutral phosphatase and 
hexosamimidase suggest that the organism has pro- 
duced ar active infection. It should be possible to 
use appropriate enzyme activity levels to identify 
the microorganism causing a particular effusion. 
The acti-ities and, by implication, the concentra- 
tions of tae hydrolases found in response to S pneu- 
moniae nfection enzymes are characterized by 
well-defined patterns of change over time. For the 
majority of enzymes assayed, the activities showed 
an increase with time after inoculation of the bac- 
teria. In antreated animals, the only enzymes not to 
show this pattern of time-dependent increase were 
8-glucurenidase and neuraminidase. The activity of 
the former showed relatively little change with 
time, while the activity of the neuraminidase de- 
creased with time. Our previous studies showed 
that neuzaminidase is unique among these hydroly- 
tic enzymes in that it is produced by the bacterium 
S pneumaniae, while the other enzymes are of host 


cell origin. Thus, neuraminidase is probably pro- 
duced and secreted by the bacteria during their ex- 
ponential growth phase — this would account for 
its early maxima — and subsequently degraded by 
protease activity. The appearance of the activities 
of host cell enzymes is delayed temporarily by the 
necessity of recruiting inflammatory cells to the 
middle ear cavity. Once present, they begin to pro- 
duce the various enzymes, thereby accounting for 
the delayed rise in enzymatic activity over time. 
Early treatment with bactericidal antibiotics elimi- 
nates both the bacterial source of the neuraminidase 
and the trigger for the host inflammatory response, 
including the elaboration of the associated hydroly- 
tic enzymes. 


Substrates for these hydrolases are found in the 
carbohydrate portions of membrane glycolipids and 
glycoproteins found in the middle ear. The MEM 
was shown to contain the acidic sugar N-acetyl- 
neuraminic acid,” as well as neutral sugars such as 
mannose, galactose, and N-acetylglucosamine.*” 
Removal of these sugar residues could 1) expose pro- 
tease-sensitive sites, thus possibly allowing bacterial 
protease to degrade membrane proteins and dam- 
age the mucosal lining; 2) create new terminal resi- 
dues that would serve as adherence sites for bacteri- 
al colonization; or 3) expose new sugar residues, 
thus possibly provoking a local immune response. 
Indeed, mucosal alteration by hydrolytic enzymes 
has been demonstrated in the chinchilla animal 
model.’ Any or all of these changes could contribute 
to the overall pathologic changes associated with in- 
fection of the middle ear cavity. These observations 
and the above-mentioned results suggest that sterili- 
zation of the middle ear cleft, and the attendant de- 
crease in activity of hydrolytic enzymes, may be 
benefits of early antimicrobial activity and pre- 
requisite to the healing of an inflamed mucosa. 
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INTRODUCTION 


Proteolytic degradation of the middle ear mucosa 
(MEM) by lysosomal proteases is one of the major 
factors inducing pathologic changes of the MEM.’ In 
recent years, the kinetics of the protease-inhibitor 
systems and their roles in the pathogenesis of human 
otitis media with effusion (OME) have been investi- 
gated.^? ol-Antitrypsin (al-AT) and a2-macro- 
globulin (a2-M), which constitute about 90% of all 
the inhibitory function in plasma, and low molecu- 
lar weight (LMW) inhibitors are known to regulate 
the proteolytic activity in the MEM.’ 


In this study, both immunochemical and func- 
tional assays of the major protease inhibitors al-AT 
and a2-M were performed in middle ear effusions 
(MEEs) from three experimental OME models (serous 
otitis media [SOM], purulent otitis media [POM], 
and SOM + POM), in order to identify these pro- 
tease inhibitors and to explore their roles in the dis- 
ease processes of various types of otitis media. 


MATERIALS AND METHODS 


SOM Group. Chinchillas were anesthetized with 
ketamine hydrochloride (20 mg/kg, intramuscular- 
ly). The eustachian tubes of each chinchilla were 
exposed surgically through the soft palate and were 
mechanically obstructed with Silastic sponges.” 
Fourteen animals then were allowed to develop 
MEE. When MEE was identified, each MEE was 

samplegiathe epitympanic bulla and a blood sam- 
peated under anesthesia. The MEE was 
Itured to verify its sterility. Sampling was carried 
out up to 5 weeks. The MEE samples were centri- 
fuged to remove particulate materials, and the clear 
fluid was frozen at -70°C until use. 


POM Group. Chinchillas were anesthetized with 
ketamine hydrochloride, and acute otitis media was 
induced by direct inoculation of type 7F Streptococ- 
cus pneumoniae (20 x 10 colony forming units [CFU] 
per ear) into each bulla. Eleven of 15 animals inoc- 
ulated developed MEEs, and 3 days after inocu- 
lation they were anesthetized and an initial blood 


sample and MEE sample were taken. The MEE was 
cultured to verify that pneumococcal infection had 
occurred. The time for sampling was set from 3 
days to 3 weeks after inoculation for comparative 
studies with the SOM group. All MEE samples were 
frozen after centrifugation until the time of assay. 


SOM +POM Group. A combination SOM + POM 
model was created by transbullar inoculation of S 
pneumoniae 2 weeks after the induction of SOM by 
eustachian tube obstruction (ETO). 


A total of 128 MEE samples ranging from 3 days 
to 5 weeks after induction of otitis media were ana- 
lyzed: 50 with SOM, 46 with POM, and 32 with 
SOM + POM. 


Quantitation of al-AT and a2-M Levels in MEE 
and Plasma. Concentration of al-AT in paired 
MEEs and plasma was measured by single radial 
immunodiffusion, and that of a2-M by electroim- 
munodiffusion, by use of specific antisera against 
chinchilla al-AT and o2-M.* The value was ех- 
pressed as the concentration ratio of MEE to plasma. 


Antitryptic Activity and Trypsin Binding Activity 
in MEEs and Plasma. Antitryptic activity (ATA), 
reflecting the ability of о1-АТ to inhibit tryptic ac- 
tivity, was analyzed by measuring the inhibition of 
hydrolysis of the specific substrate benzoyl-DL-argi- 
nine-p-nitroanilide (BAPNA; Sigma). Trypsin bind- 
ing activity (TBA), representing the functional ca- 
pacity of a2-M to form a complex with trypsin, was 
assessed by measurement of the residual amidolytic 
activity against BAPNA of a2-M plus trypsin and 
soybean trypsin inhibitor. These assays have been 


described in a previous publication.° 


RESULTS 


Concentration Ratio (MEE/Plasma) of al-AT 
and a2-M. The results are summarized in Fig 1. In 
SOM, the MEE/plasma ratio of al-AT increased 
with the duration of ETO and at 3 weeks after ETO 
reached the peak value of 1.81+0.42, which was 
significantly higher than the MEE/plasma ratio of 
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Fig 1. Mean concentration ratios (middle ear effusion [MEE] to plasma) of A) al-antitrypsin and B) a2-macroglobulin in three 
models ofotitis media with effusion. ll — serous otitis media (SOM), x — purulent otitis media (POM), O — SOM + POM, ж — 
significar-ly different from MEE/plasma ratio in POM (р<.01), ^ — significantly different from MEE /plasma ratio in 


SOM + POM (р< .01), Dy — days. 


«1-АТ at апа 2 weeks after ETO (p<.01, p<.05, 
respective'y). A similar trend was observed in the 
MEE/plasma ratio of a2-M, and its peak value was 
detected at 4 weeks after ETO (0.47 x 0.13). 


In PON, the MEE/plasma ratio of al-AT de- 
creased w:th the duration of POM. At 3 days after 
inoculation, «1-АТ reached the peak MEE/plasma 
ratio of 1.392 0.56, which was significantly higher 
than the MEE/plasma ratio of al-AT at 2 weeks, 17 
days, or 3 weeks after inoculation (p< .025, p « .01, 
p < .01, respectively). The MEE/plasma ratio of @2- 
M was relatively constant during the course of POM; 
its highest evel was detected at 1 week after inocu- 
lation (0.53 + 0.30). 


In SOM + POM, the MEE/plasma ratio of o1-AT 
was less than 1.0, and very similar values were de- 
tected frora 3 days to 2 weeks (from 0.87 to 0.73) 
after bacterial inoculation. A similar trend was ob- 
served in tae MEE/plasma ratio of o2-M; the peak 
value was detected at 1 week after inoculation 
(0.55 + 0.2-). Comparing the MEE/plasma ratios of 
both inhibitors in the three groups, al-AT in SOM 
showed the highest ratio, which was significantly 


1.4 
О 1.2 
4 
QC 1.0 
5 
л 0.8 
ч 
а 
a 0.6 
Ш 
= 0.4 


0.2 


32у 70у 100у 14Dy 17Dy 21Dy 28Dy 35Dy 
A DURATION OF OTITIS MEDIA 





higher than that of the POM group (p<.01) at 2 
and 3 weeks after induction of POM. The MEE/ 
plasma ratio of al-AT in POM was significantly 
higher than that of SOM + POM (р< .01) at 7 or 17 
days after inoculation. 


MEE /Plasma Ratio of ATA and TBA. The results 
are shown in Fig 2. In SOM, the MEE/plasma ratio 
of ATA increased steadily with the duration of 
ETO, and its peak value was detected at 3 weeks 
after ETO: 1.20+0.10, which was significantly 
higher than that at 1 week after ETO (p< .01). The 
MEE/plasma ratio of TBA increased gradually with 
the duration of ETO, and its highest level was de- 
tected at 5 weeks after ETO (0.47+0.130). 


In POM, the kinetics of both ATA and TBA were 
quite different from those in SOM. The MEE/plasma 
ratio of ATA was the highest at 1 week after inocu- 
lation: 0.60+0.28, which was significantly higher 
than that at 10 days, 2 weeks, or 17 days after inoc- 
ulation (p<.01). It decreased rapidly during the 
course of POM, and no activity was detected at 17 
days after inoculation. The MEE/plasma ratio of 
TBA was highest at 3 days after inoculation (0.30 + 
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Fig 2. Mean concentration ratios (MEE/plasma) of A) antitryptic activity and B) trypsin binding activity in three models of otitis 


media with effusion. See Fig 1 for symbols and abbreviations. 
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0.11) and was significantly higher than the ratios at 
different days after inoculation. No TBA was de- 
tected at 17 days after inoculation (п = 4). 


In SOM + POM, the kinetics of both ATA and 
TBA were quite similar to those in POM. The MEE/ 
plasma ratio of ATA was the highest at 3 days after 
bacterial inoculation: 0.36+0.07, which was sig- 
nificantly higher than that at 10 days, 2 weeks, or 
17 days after inoculation (p< .05, p<.01, р<.01, 
respectively). No activity was detected at either 2 
weeks or 17 days after inoculation. The MEE/plas- 
ma ratio of TBA was highest 3 days after inocula- 
tion: 0.20+0.05, which was significantly higher 
than that at 10 days, 2 weeks, or 17 days after inoc- 
ulation (p< .05, p<.01, p<.01, respectively). 


Comparing the MEE/plasma ratios of ATA and 
TBA in the three groups, the ratios of ATA and TBA 
in POM were significantly lower than those in SOM 
at 2 weeks after induction (p « .01). 


Relationships Between al-AT Level and ATA 
and Between a2-M Level and TBA in MEE. A sig- 
nificant correlation between al-AT level and ATA, 
and between a2-M and TBA, was observed only in 
the SOM group (p< .05, p< .01, respectively). 


DISCUSSION 


In SOM, the kinetics of с1-АТ and a2-M levels in 
MEE: were similar to those of ATA and TBA, and 
significant correlations were observed between 
al-AT and ATA and between a2-M and TBA. As 
both inhibitors have a broad inhibitory spectrum"? 
and the number of infiltrating leukocytes in MEEs 
is small in SOM, it is obvious that the majority of 
both inhibitors in MEE from SOM exist in the free 
state, similar to human MEE from SOM.’ The 
chance of inhibitor inactivation by cleavage of 
N-terminal peptide from al-AT and saturation 


with proteases seems to be remote during the course 
of SOM. 


In РОМ. the value of ATA was very low, compared 
tot -AT level in the same sample. Middle ear 

usions in POM contain a higher number (100 
times) of leukocytes than those in SOM." o1-Anti- 
trypsin combines with lysosomal proteases released 
from leukocytes to inhibit their activity. Some 
«1-АТ may be inactivated by oxidants secreted 
from neutrophils," and the complexed inhibitor is 


more rapidly degraded and phagocytized by neu- 
trophils and macrophages than free inhibitor." The 
decrease of the MEE/plasma ratio of al-AT with 
the development of POM may be explained by the 
increased o1-AT level in POM plasma after bacteri- 
al inoculation, and the degree of consumption and 
inactivation of «1-АТ in MEE appears to surpass 
the degree of al-AT leakage from MEM vessels. On 
the other hand, the a2-M level in POM was relative- 
ly constant compared to the al-AT level. This find- 
ing may be due to the resistance of о2-М to proteo- 
lytic degradation and the dissociation of а2-М pro- 
tease complexes to nonmeasurable levels at 17 days 
after inoculation, suggesting that a2-M also com- 
bines with lysosomal proteases, especially a1-AT- 
resistant thiol proteases, to control their activity. It 
is obvious that the reaction between proteases and 
inhibitors is more active in POM than in SOM. 


In SOM + POM, levels of «1-AT and ATA were 
lower than those in POM alone. This indicates that 
protease inhibitors may be consumed more quickly 
in SOM + POM than іп POM alone. Eighteen per- 
cent (two of 11) of POM animals and 60% (three of 
five) of SOM + POM animals, whose MEEs had no 
АТА or ТВА 17 days after inoculation, have devel- 
oped otitis media with persistent MEE. It is very 
difficult to decide whether loss of the function of 
protease inhibitors in MEE is the result or the cause 
of the change from acute otitis media to the persis- 
tent stage. Histologic study of the MEM in SOM, 
POM, and SOM + POM models has shown that 
pathologic changes of the MEM are the greatest in 
the SOM + POM model, and this model can proceed 
to chronic otitis media within a few months after in- 
oculation. Therefore, complete loss of inhibitory 
function in MEE appears to be an important factor 
relating to persistent mucosal damage. 


It is concluded that: 


1. Middle ear effusions of the SOM group have 
higher concentrations of ol-AT than does 
plasma, and the majority of both inhibitors are 
present in the free state. 

2. The reaction between proteases and protease in- 
hibitors in POM is much more active than that in 
SOM, and less active than that in SOM + POM. 

3. In POM and SOM + POM groups, the inhibitory 
function of both al-AT and o2-M plays an im- 
portant role in the reduction of mucosal damage 
by formation of protease-inhibitor complexes. 
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Arachidonic acid (AA), which is derived from phos- 
pholipids of cell membrane, is metabolized enzymatical- 
ly into two pathways, one through cyclooxygenase 
and the other through lipoxygenase. Cyclooxyge- 
nase products include different prostaglandins (PGs) 
and thromboxane (Tx), and lipoxygenase products 
include hydroxyeicosatetraenoic acids (HETEs) and 
leukotrienes (LTs).'? Corticosteroids inhibit release 
of AA, and nonsteroidal anti-inflammatory drugs 
(NSAIDs) inhibit the activity of cyclooxygenase. 


Among the various inflammatory mediators of 
otitis media, AA metabolites — both PGs and LTs 
— appear to play a major role in the pathogenesis of 
otitis media. This paper will review studies on AA 
metabolites in the pathogenesis of otitis media. 
These studies include assays of AA metabolites (ei- 
cosanoids) in the middle ear effusions (MEEs) and 
middle ear tissues, identification of AA metabolites 
in otitis media, localization of cyclooxygenase in the 
middle ear mucosa (MEM), effects of exogenous PG 
on the composition of MEE, and therapeutic uses of 
inhibitors of AA metabolism. 


ASSAYS OF ARACHIDONIC ACID METABOLITES 
IN MIDDLE EAR EFFUSION 


Since PGs are considered to be “local hormones” 
that are synthesized at or near their site of action, 
the presence of PGs is considered as evidence of an 
active role of PGs in the place where they are found. 
Jackson? measured PGE2 and РСЕе« in pooled hu- 
man by radioimmunoassay (RIA) and found 
Њи mucoid effusions had higher concentrations of 

Gs than serous effusions. Bernstein et al* measured 
PGE2 апа РСЕ. in human MEE and serum апа 
found that the concentrations of PGs in MEE were 
higher than those in corresponding serum samples. 
Smith et alë reported an assay of РСЕ? апа PGF2a 
by RIA in MEE from experimental serous otitis me- 
dia (SOM) induced by mechanical eustachian tube 
obstruction (ETO) and from purulent otitis media 
(POM) induced by inoculation of viable Streptococ- 
cus pneumoniae into the middle ear in chinchillas. 


There was a preferential increase of РСЕ in the 
POM group compared to the SOM group. 


We have expanded assays of AA metabolites to in- 
clude РСЕ?, 6-keto-PGFia, and TxB2 in cyclooxyge- 
nase pathway and 5-НЕТЕ, 15-HETE, LTB4, and 
LTC4 in lipoxygenase pathway both in human MEE 
and animal models of otitis media. The results of as- 
says for AA metabolites in MEE were analyzed ac- 
cording to type of МЕЕ, age groups, and bacterial 
cultures." Unpublished data were added to the 
published data. 


Cyclooxygenase Products. Levels of РСЕ? in hu- 
man MEE were higher in the youngest age group (0 
to 5 years of age) than in older age groups. There 
was no statistical difference between SOM and mu- 
coid otitis media (MOM) in any age group. In gen- 
eral, the degree of inflammation of otitis media is 
most acute and severe in the youngest age group. 
The PGE2 levels seem to correspond well with the 
degree of inflammation in the mucoperiosteum of 
the middle ear cavity. Since РСЕ? is synthesized in 
mononuclear leukocytes, higher levels of PGE2 may 
indicate denser infiltration of these inflammatory 
cells. 


Levels of 6-keto-PGFia in both SOM and MOM 
were the lowest in the group 6 to 10 years of age and 
progressively increased in older age groups. The dif- 
ference between age groups in MOM was statistical- 
ly significant. Prostacyclin (PGI2) as measured by 
its stable end product, 6-keto-PGFia, and PGE2 are 
recognized as inflammatory mediators causing ede- 
ma, vasodilation, and pain.? Prostacyclin is synthe- 
sized primarily in mononuclear leukocytes and ar- 
terial endothelium. Infiltration of mononuclear leu- 
kocytes and an increase of vascularity in the subepi- 
thelial space are common features of the chronic 
stage of otitis media with effusion (OME). Since the 
composition of MEE reflects cellular activity and 
pathologic changes of MEM and the subepithelial 
space, levels of 6-keto-PGFia in MEE could be used 
as an index of chronicity of OME. For example, 
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high levels of 6-keto-PGFie in MEE may indicate 
chronic «changes with increased vascularity and in- 
filtratior of mononuclear leukocytes. 


Levels of TxB2 in both SOM and MOM were 
highest ia the group 0 to 5 years of age and lowest in 
the grou» 6 to 10 years of age. There was little dif- 
ference between SOM and MOM. 


Lipoxegenase Products. Lipoxygenase converts 
AA into kydroperoxyeicosatetraenoic acid (HPETE), 
which can be further reduced to HETE. In most 
leukocytes, the major metabolite of 5-lipoxygenase, 
5-HPETE, is converted predominantly to 5-HETE 
and to lesser quantities of unstable LTA4. Leuko- 
triene Ағ is converted to highly chemotactic LTB. 
In macrephages, basophils, and some other leuko- 
cytes, L™A4 is converted to LTC4, which is subse- 
quently degraded to LTD4 and LTE4. Leukotriene 
Са, LTLE4, апа LTE4 аге the major constituents of 
the slow-reacting substance of anaphylaxis.* Our 
studies on the effects of cyclooxygenase inhibitors 
suggestee that lipoxygenase products were impor- 
tant in o itis media, even more than PGs.’ 


When overall levels of AA metabolites in human 
MEE are compared, the highest levels are found in 
5-HETE in MOM, followed by 6-keto-PGFle in 
both SO.A and MOM, 15-HETE in MOM and 5- 
HETE ir SOM, TxB2 in both SOM and MOM, 15- 
HETE ir SOM, PGE2 in both MOM and SOM, 
LTC4 in »oth MOM and SOM, апа LTB4 in MOM 
and SON, in that order of decreasing concentra- 
tions.” Levels of 5-HETE in MOM (81.32 30.0 
ng/mL, nean+SE) were two times higher than 
those in SOM (31.72 11.0 ng/mL). Levels of 15- 
HETE ів MOM (32.52€ 7.3 ng/mL) were higher 
than those in SOM (19.4 «8.7 ng/mL). Levels of 
LTB4 in MOM (3.6+1.4 ng/mL) were two times 
higher than those in SOM (1.7 2x 1.3 ng/mL). Con- 
centratioas of LTC4 in MOM (12.02: 3.2 ng/mL) 
were higl er than those in SOM (8.9 x 2.4 ng/mL) in 
all age g»oups. The levels of LTC4 in the youngest 
age group were higher than those in older age 
groups, b»th in MOM and SOM. 


In general, levels of lipoxygenase products were 
higher in MOM than in SOM. This finding may have 
importare clinical implications, because chronic 
MOM in children is a common disease with many 
sequelae. It is still not known what triggers produc- 
tion of mucoid MEE. It has been reported that in 
general raucoid MEE contains higher levels of en- 
zymes then serous MEE." It has also been reported 
that the addition of 15-НЕТЕ, LTC4, ог LTD4 and 
AA, aspizin, or indomethacin increased mucus se- 
cretion im human airways іп vitro.''^? Our previous 
study showed that treatment with ibuprofen in chin- 
chilla pneumococcal POM causes transformation of 
MEM inte the secretory type.’ This can be explained 
by the fact that NSAIDs such as ibuprofen stimulate 
15-HETE production in AA metabolism.'* On the 


basis of these findings there is enough evidence to 
suspect that lipoxygenase products of AA metabo- 
lites, especially 15-HETE, LTC4, and LTBa, in 
combination with NSAIDs such as aspirin, may be 
some of the important factors in causing mucoid 
MEE. It is conceivable that the free use of aspirin 
for children with acute otitis media may contribute 
to the development of MOM in these children. The 
reported therapeutic benefit of using corticosteroids 
in the treatment of chronic OME? is probably due 
to the inhibition of both cyclooxygenase and lipoxy- 
genase pathways in the AA cascade. 


The relative amount of 5-lipoxygenase product in 
the lipoxygenase pathway of AA metabolism pres- 
ent in middle ear fluid can be calculated from RIA 
data. The predominant 5-lipoxygenase product in 
middle ear fluid is 5- HETE (75% to 88%), followed 
by LTC4 (11% to 21%) and LTB4 (1% to 776). 


Lipoxygenase products are also inflammatory me- 
diators. For example, LTB4, 5-HETE, and 15-HETE 
are potent chemotactic agents to polymorphonuclear 
leukocytes (PMNs),'* LTC4 can induce plasma exu- 
dation," апа LTB4 produces hyperalgesia.'* In ad- 
dition, LTB4 increases vascular permeability'? and 
has chemotactic activity toward eosinophils?? and 
fibroblasts.?' 


Bacterial Culture and Arachidonic Acid Metabo- 
lites. Bacterial cultures and levels of AA metabolites 
in 100 consecutive MEEs were studied." Bacterial 
culture showed 75% no growth, 8% Hemophilus 
influenzae, 7% Staphylococcus coagulase-negative, 
7% S pneumoniae, 1% Pseudomonas, 1% Staphy- 
lococcus coagulase-positive, and 1% Neisseria sp. 
Of these samples, 61% were from MOM, 20% were 
from SOM, and 19% were from POM. Bacterial 
culture was positive in 8% of MOM, 29% of SOM, 
and 65% of POM samples. Leukotriene B4 was the 
only AA metabolite that showed higher levels in cul- 
ture-positive MEE than in culture-negative MEE. 
The level of LTB4 in culture-positive MEE (5.42 
2.3 ng/mL) was four times higher than in culture- 
negative MEE (1.3+0.9 ng/mL). of 15- 
HETE, 5-HETE, and 6-keto-PGF la were apPagxi- 
mately two times higher in culture-negative flu 
than in culture-positive fluids. Levels of РСЕ?, 
TxBo2, and LTC4 showed little difference between 
culture-negative and culture-positive MEEs. 


In the study of bacterial cultures and AA metabo- 
lites, it is interesting to note that LTB4 was the only 
AA metabolite that showed higher levels in culture- 
positive fluid than in culture-negative fluid. This is 
not surprising, because inflammatory cells such as 
PMNs are the major source of LTB4. Concentrations 
of LTB4 could be used as a marker for culture-posi- 
tive fluid. Since the majority of the MEEs were cul- 
ture-negative (75%) and most were of the chronic 
mucoid type (61%), higher levels of 15-HETE, 5- 
HETE, and 6-keto-PGF o in culture-negative fluid 
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may indicate that levels of these AA metabolites 
could be used as an index of chronicity of OME. 


ASSAYS OF ARACHIDONIC ACID METABOLITES 
IN MIDDLE EAR TISSUE 


The common underlying disorder of chronic otitis 
media is granulation tissue and cholesteatoma with 
or without bone resorption. Prostaglandins were 
implicated not only for inflammation but also for 
the bone resorption seen in chronic otitis media. In 
*5Ca-]abeled rat bone culture system, the addition 
of cholesteatoma, middle ear fluid, and granulation 
tissue to the culture medium caused a significant in- 
crease of *5Ca release compared to the control 
values.?? Moreover, PGE-like material was de- 
tected in granulation tissue culture by RIA. Indo- 
methacin suppressed the production of PGE-like 
material.? The process of bone resorption is be- 
lieved to start with decalcification, which can be 
promoted by such factors as decreased pH, soluble 
factors (such as PGs), and lysosomal enzymes. The 
second step involves resorption of organic matrix by 
the action of various proteolytic enzymes and colla- 
genase, which is secreted by inflammatory cells. 
Prostaglandins may not only initiate bone resorp- 
tion but may also interact with other factors of bone 
resorption. For example, PGs seem to regulate col- 
lagenase production by the macrophage.?* 


We have studied AA metabolites in cholesteato- 
ma and granulation tissue. Levels of PGE2 were 
2.6 times higher in cholesteatoma (106.8 +46 ng/ 
mL) than in granulation tissue (41.0 + 14.3 ng/mL), 
while levels of 6-keto-PGFia were two times higher 
in granulation tissue (89.0 + 27.0 ng/g) than in cho- 
lesteatoma (41.0+ 12.1 ng/g). Cholesteatoma had 
two times higher levels of TxBz than granulation tis- 
sue. Since PGE2 has been known to induce bone re- 
sorption?* and bone resorption is а common finding 
with cholesteatoma, it is not surprising to see higher 
РСЕ levels in cholesteatoma than in granulation 
tissue. Levels of 6-keto-PGFia in granulation tissue 
were higher, probably because of increased vascu- 
larity gpgetrriTitration of mononuclear leukocytes in 
grgyefflation tissues compared to cholesteatoma. 


DETERMINATION OF ARACHIDONIC ACID 
METABOLITES IN OTITIS MEDIA 


It is useful to determine the entire spectrum of 
AA metabolites in a given tissue. This can be done 
by incubating homogenized tissue samples with '*C- 
labeled AA. The reaction is stopped by the addition 
of ethanol, and eicosanoids are extracted and ana- 
lyzed by thin-layer chromatography (TLC) or high 
performance liquid chromatography. 


Determination of Arachidonic Acid Metabolites 
in Experimental Otitis Media. The AA metabolites 
were identified in experimentally induced SOM and 
POM in chinchillas by the radio- TLC method." 
The relative abundance of each metabolite synthe- 


sized was determined. The AA metabolites in MEM 
in the presence of ETO were predominantly 6-keto- 
PGFia, followed by PGD2, 15-HETE, hydroxyhep- 
tadecatrienoic acid (HHT), PGF2a, and РСЕ. In 
infected MEM, the predominant product was 15- 
HETE, followed by 6-keto-PGFia, PGD2, HHT, 
PGF2a, and PGEs. Two major AA metabolites, 6- 
keto-PGFio and 15-HETE, were positively identi- 
fied by gas chromatography-mass spectrometry.”’ 


Determination of Arachidonic Acid Metabolites 
in Cholesteatoma and Granulation Tissue. Arachi- 
donic acid metabolites produced from '^C-labeled 
AA in cholesteatoma and granulation tissue were 
determined by TLC. In the cyclooxygenase path- 
way, PGE2 was the predominant product, while in 
the lipoxygenase pathway, 12-HETE was the pre- 
dominant product in both cholesteatoma and gran- 
ulation tissue. 


EFFECTS OF EXOGENOUS PROSTAGLANDIN 


To test the effect of exogenous PG on the patho- 
genesis of otitis media, PGE2 was serially injected 
into the middle ear cavity for 1 week and samples of 
MEE were assayed for lactic dehydrogenase, acid 
and alkaline phosphatase, calcium, protein, and 
hexosamine. Compared to control samples, the com- 
position of MEE after daily serial injections of PGE2 
resulted in a marked increase in levels of enzyme ac- 
tivities, calcium, protein, and hexosamine.”* Studies 
on temporal bone histopathology after injection of 
exogenous PGE2 ог AA to chinchillas with ETO 
showed much more severe inflammation in AA-in- 
jected animals.?? This may be explained by the fact 
that AA is converted to lipoxygenase products as 
well as cyclooxygenase products. It was postulated 
that lipoxygenase products of АА can cause more se- 
vere inflammation than PGs. 


LOCALIZATION OF PROSTAGLANDIN-PRODUCING 
CYCLOOXYGENASE IN MIDDLE EAR TISSUE 


As further evidence that PGs are synthesized in 
the middle ear tissue, PG-forming cyclooxygenase 
was localized by the indirect immunofluorescent 
staining technique.?? Cyclooxygenase was localized 
in mononuclear leukocytes, fibroblasts, and epithe- 
lial cells of granulation tissue and in hypertrophic 
MEM. 


THERAPEUTIC USE OF INHIBITORS OF 
ARACHIDONIC ACID METABOLISM 


Since the detection of PGs in the MEE, possible 
use of inhibitors of AA metabolism in the treatment 
of otitis media has been suggested. Common inhibi- 
tors of AA metabolism are NSAIDs, which inhibit 
cyclooxygenase, and corticosteroids, which inhibit 
both cyclooxygenase and lipoxygenase pathways by 
reducing available precursor AA. When patients 
with OME were treated with the NSAID naproxen, 
no significant difference was found between the 
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treated ard placebo groups.?' Therapy with cortico- 
steroid, however, was shown to be consistently ef- 
fective ir the treatment of OME, at least short 
term.!5:3?:33 


We studied the effect of ibuprofen, corticosteroids, 
and penicillin alone or in combination on the path- 
ogenesis cf experimental pneumococcal otitis media 
in chinchillas.? The results of this study are sum- 
marized as follows. 


1. Penicillin is the single most important factor in 
the treatment of POM. 

2. The combination of penicillin plus corticosteroid 
was the most effective in the treatment of POM, 
followed by penicillin alone, then penicillin plus 
ibuprcfen. 

3. Corticosteroid or ibuprofen alone is not ade- 
quate for the treatment of POM. 

4. Ibuprefen therapy seems to induce more inflam- 
mation and effusion, probably because of in- 
creased lipoxygenase products due to inhibition 
of cyctooxygenase. 


CONCLUSION 


Middle ear fluid is a complex mixture of transu- 
date, secretory products from glands of the MEM, 
and prodacts from inflammatory cells and bacterial 
organism: in the MEM or in the middle ear cavity. 
Since the composition of the middle ear fluid re- 
flects cellalar activity and pathologic changes of the 
MEM and the subepithelial space, analysis of in- 
flammatcry mediators in MEE could provide an in- 
dex of the inflammatory stage in a case of otitis me- 
dia. It could also provide an index of chronicity of 
the otitis media, with which one can predict the 
outcome. 


Since myringotomy and insertion of ventilation 
tubes is usually performed after several courses of 
antimicrcbial therapy, the composition of an MEE 
represent: only that particular stage of OME and 
the time cf fluid collection. It represents usually the 
chronic stage but not the acute stage of inflamma- 
tion. However, the entire spectrum of chronic OME 
could be seen by analyzing data in different age 
groups. For example, PG levels in younger patients 


may represent more acute stages of OME, whereas 
PG levels in older patients, especially those with 
MOM, may represent more advanced chronic stages 
of OME. 


Among the АА metabolites, levels of LTB4 and 
РСЕ in MEE seem to represent the degree of acute 
inflammation, whereas levels of 6-keto-PGF 1o seem 
to reflect chronicity of OME. Higher levels of lipox- 
ygenase products in MEE seem to be associated 
with the mucoid type of MEE. 


It should be pointed out that there were wide 
variations in the RIA results of AA metabolites in 
middle ear fluid, causing the standard deviations of 
the means to be large even with relatively large 
sample sizes. This is not because of problems in the 
RIA system employed, but because of the complex 
nature of MEE itself and the delicate internal feed- 
back controls in the AA metabolism. One reason 
why there is little difference between the levels of 
AA metabolites in SOM and MOM in younger pa- 
tients is the difficulty of classifying the types of fluids 
in younger patients. So-called serous MEE in younger 
patients is not always the same as the thin, clear, 
serous fluid found in older patients, but more fre- 
quently is a fluid with a viscosity somewhere between 
that of serous and mucoid MEEs in older patients. 


From the study of localization of cyclooxygenase 
in the middle ear tissues and identification of AA 
metabolites in the middle ear tissues, there is no 
question that AA is actively metabolized in the mid- 
dle ear cavity, especially with otitis media. Serous 
fluid may be associated more with cyclooxygenase 
product 6-keto-PGF ia, and purulent fluid in acute 
OME may be associated more with lipoxygenase 
products, HETEs, and probably with LTs. 


From the study of the therapeutic use of inhibi- 
tors of AA metabolism, it was shown that the lipox- 
ygenase products may be more important in the 
pathogenesis of otitis media than the cyclooxyge- 
nase products, and that the use of a combination of 
antibiotics and inhibitors of AA metabolism may 
have the best outcome. It is clear from fi@®.studies 
that AA metabolites are important intiammateg: 
mediators in the pathogenesis of otitis media. 
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IN OTITIS MEDIA WITH EFFUSION 
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It has »een well established that the normal mid- 
dle ear mucosa (MEM) when ventilated by a normal 
eustachian tube is essentially devoid of immunolog- 
ic elemerts such as lymphocytes, plasma cells, and 
macrophages.' Furthermore, neutrophils are rarely, 
if ever, feund in the normal MEM. Thus, the devel- 
opment cf an immune response in otitis media must 
occur fol owing a series of events that are physiolog- 
ically ard bacteriologically abnormal. The great 
bulk of evidence would support the concept that 
eustachien tube dysfunction, or blockage, is preem- 
inent in the development of negative pressure in the 
middle ear.” Following the development of negative 
pressure. an effusion occurs in the middle ear space. 
This fluid is usually of a serous nature, and it has 
been demonstrated that mucoid effusion does not 
occur in the germ-free animal, nor does the devel- 
opment ef an increased number of goblet cells and 
glands oecur in the germ-free animal.’ Therefore, it 
appears hat at least in acute otitis media and most 
forms of otitis media with effusion (OME), bacteri- 
ologic factors are necessary for the influx of immu- 
nocompetent cells. One of the questions that has not 
been answered at the present time is the source of 
the imm 1inocompetent cells that reach the middle 
ear in acate and chronic OME. Three definite possi- 
bilities exist in this regard: 1) the gastrointestinal- 
associated lymphoid tissue (GALT), 2) the bron- 
chus-asscciated lymphoid tissue (BALT), and 3) the 
tonsils ard adenoids. 


B cells or precursor B cells, released from Peyer's 
patches, in general circulate throughout the body 
and usuzlly become the B cells that will produce 
IgA in tbe gut and in other secretory mucosae such 
as the breast, the genitourinary tract, the lacrimal 
gland, the nasal mucosa. the parotid gland, and, as 
found most recently, the MEM in otitis media.* In 
general, however, the B cells from GALT tend to 
home back to the lamina propria of the gastrointes- 
tinal tract. It is very likely that in some cases B cells, 
and perhaps T cells, may reach the middle ear from 
Peyer's patches. However, at the present time, this 
has not b»en demonstrated. 


More recently, Bienenstock? has suggested that 
BALT may also play a role as a source of T- and 
B-lymphocytes for a common mucosal immune sys- 
tem. As with GALT, there is no direct evidence yet 
that the immunocompetent cells in this area reach 
the middle ear. One of the most interesting areas of 
research in the past decade has been the work of 
Brandtzaeg* in Norway, who has suggested that the 
palatine tonsils and the adenoids may play an im- 
portant role as a source of immunocompetent cells 
that can seed other areas of the upper respiratory 
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Fig 1. Immunohistologic localization of IgD-producing B 
cells in mantle zone and interfollicular area of human pal- 
atine tonsil by use of specific goat anti-human sera directed 
against IgD (original x25). GC — germinal center, MZ — 
mantle zone, IF — interfollicular zone. 
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tract. In this regard, our laboratory, in collabora- 
tion with Dr Boris Albini (Department of Pathology 
and Immunology, State University of New York at 
Buffalo) and Dr Robert Scheeren (University of 
Leiden), has been investigating the potential role of 
the palatine tonsils and adenoids as a site for precur- 
sor B cells and T cells to reach the MEM in OME. 


By means of immunohistologic techniques, tonsils 
as well as nasal and MEM tissues have been screened 
for the presence of B cells and plasma cells specific 
for a variety of microbial and nutritional antigens. 
These studies have compared tonsils from patients 
at various ages and, more importantly, with a vari- 
ety of forms of tonsillitis. One of the striking find- 
ings in the tonsils of young children is the significant 
proliferation of early memory B cells that con- 
tribute to the IgD-expressing lymphocytes of the 
mantle zone (Fig 1). It is suggested that the expand- 
ing clones of extrafollicular J-chain-positive IgA- 
producing B cells reach the mucosal sites of the up- 
per respiratory tract via the general circulation and 
may arise from the tonsil. The preliminary work in 
our laborgteasy has also suggested that the mantle 
zone is 4 site for IgD-producing lymphocytes. The 
P анаар potential in these early memory 
clones is mandatory for the formation of IgA dimers 
that can combine with secretory component and be 
transported into the tissue of the upper respiratory 
tract as secretory IgA. The micro-environmental 
conditions necessary for tonsillar proliferation of 
such clones may depend both on antigen presenta- 
tion by M cells found in the reticular crypt 
epithelium and on subsets of regulatory T cells. 
Recently, we have demonstrated that such regula- 
tory T cells, both of the helper and suppressor phe- 
notypes, are demonstrated in the subepithelial area 
of the tonsillar crypts as well as in the follicular and 
interfollicular area of the tonsils in all age groups 


(Fig 9). 
On the basis of the preliminary work by Brandt- 


Fig 2. Immunohistologic localization of Leu 
1 cells (PAN T cells [all T cells]) in inter- 
follicular zone (IF) of human tonsil (original 
x25). Follicle (pale area) also shows some T 
cells (peroxidase stain with monoclonal anti- 
body directed against T cell marker). GC — 
germinal center. 


zaeg and others, and the work generated in our own 
laboratory, we suggest that tonsils may be involved 
in the generation of mature memory B cells, as evi- 
denced by the predominance of extrafollicular J- 
chain-negative IgA- and IgG-producing plasma 
cells. Furthermore, we have investigated the role of 
the tonsil in immune elimination or protection from 
certain dietary antigens. Preliminary evidence has 
shown that the tonsil produces a significant number 
of plasma cells that have antibody activity to bovine 
serum albumin (Fig 3). The B cells that give rise to 
these plasma cells may migrate to other areas of the 
upper respiratory tract, such as the nasal mucosa, 
the lamina propria of nasal polyps, and also the 
MEM (Fig 4). Furthermore, plasma cells and B cells 
that are specific for Streptococcus mutans, an or- 
ganism that is never found in MEM, are also found 
in the MEM as well as the nasal mucosa and in the 
mucosa of nasal polyps. Thus, we suggest that the 
tonsil may be a putative source of B cells that mi- 
grate to the MEM and are the source of antibody- 
producing cells in otitis media. Inasmuch as bovine 
serum albumin and S mutans possess antigens that 
are unlikely to reach the middle ear, it is suggested 
that B cells or plasma cells that produce specific an- 
tibody to these antigens have migrated to the MEM 
from the tonsils in the presence of otitis media. 


Further evidence for this concept has been de- 
scribed by Sdrensen’ in Copenhagen, who suggests 
that IgD is a very common immunoglobulin found 
in the middle ear fluid and that IgD plasma cells are 
found in the MEM. Therefore, it is possible that 
tonsils and adenoids are the major sites of J-chain- 
positive IgD- and IgA-producing cells in the MEM. 
In conclusion, our results would suggest that the 
tonsils may be a major source of dimeric J-chain- 
producing IgA for the MEM and that this is an im- 
portant immunoglobulin in the immunoregulation 
of the bacterial and viral diseases of middle ear 
infection. 
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Fig 3. Immunohistologic localization of bovine serum al- 
bumin in auman tonsil by use of sandwich technique (ton- 
sil tissue was incubated with bovine serum albumin and 
then, in urn, incubated with specific antisera directed 
against b-vine serum albumin) (original x16). Plasma cells 
are positively stained in epithelial and subepithelial areas 
of tonsilla crypts. C — crypt, arrows — plasma cells in 
epithelium. 


A secord new perspective that is being investi- 
gated in omr laboratory is the potential role of subtle 
immunolozic deficiency in the otitis-prone child. Al- 
though a great body of knowledge has become avail- 
able suggesting that there are multiple epidemiolog- 
ic factors that can predispose a child to otitis 
media, the potential role of immunologic deficien- 


Fig 4. Immuaohistologic localization of plas- 
ma cells in middle ear mucosa from patient 
with chroni- otitis media (original x25). 
There are pesitive-staining cells for Strepto- 
coccus mutas, which is never found in mid- 
dle ear fluid or middle ear mucosa. LP — 
lamina propria, arrows — plasma cells іп 
lamina ргораа. 


cy in otitis proneness seems to be an important area 
of investigation. A deficiency of IgG subclasses, par- 
ticularly IgG2, may be related to the development 
of recurrent otitis media in young children. Our 
laboratory has recently collaborated with Dr Aristo 
Wojdani (unpublished data, Allergy Immuno-Tech- 
nology, Newport Beach, Calif), and the data re- 
ported in the present study confirm the original 
findings of Rynnel-Dagóó and Freijd.? A significant 
decrease in specific humoral antibody directed 
against bacteria appears to be present in the otitis- 
prone child. 


We have studied the specific serum antibody ac- 
tivity against six bacteria and one fungus in ten oti- 
tis-prone children (children who have had six or 
more episodes within the first 2 years of life). Chil- 
dren who experienced less than three episodes of oti- 
tis media in the first 2 years of life were used as a 
control group (n = 18). Antibodies against Staphylo- 
coccus aureus, Escherichia coli, Pseudomonas aeru- 
ginosa, Candida albicans, Staphylococcus epider- 
midis, Streptococcus pneumoniae, and Hemophilus 
influenzae were assayed with cytoplasmic antigens 
obtained with a French press (20,000 lb/in?) after 
addition of DNase. Measurement of bacterial and 
fungal class or subclass antibodies was determined 
by ELISA with monoclonal antibodies directed 
against total IgG, IgGi, IgGe, IgGa, IgG4, IgA, 
IgM, and IgE. The levels of antibody were ex- 
pressed in milligrams per liter. Statistical analyses 
were performed with Student's t test. 


Significant differences in antibody levels were 
found for all bacteria, particularly in the IgG sub- 
classes. Differences in IgA, IgM, and IgE isotypes 
were found occasionally. No significant differences 
in antibody levels were found for C albicans be- 
tween the two groups. À summary of the data is 
shown in the Table. The most significant differ- 
ences between the two groups were found for 5 
epidermidis, an organism frequently isolated in 
chronic OME. Furthermore, there appeared to be a 
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SPECIFIC BACTERIAL ANTIBODY CONCENTRATIONS IN OTITIS-PRONE 
AND NON-OTITIS-PRONE AGE-MATCHED) CHILDREN 











In Otitis-Prone In Non-Otitis-Prone Two-Tailed 
Immunoglobulin Children (mg/L x SD) Children (mg/L + SD) Probability 
Organism Isotype (n = 10) (n = 18) Test 
Staphylococcus aureus IgG ‚680 + .182 960+ .348 .0080 
IgG1 .170 + .047 240+ .113 ‚0350 
IgA .250 + .065 390+ .206 ‚0500 
Pseudomonas aeruginosa IgG 501+ .147 646+ .165 .0260 
IgGl .149 + .060 22062 .072 .0360 
IgG2 .210 2.073 232 .080 .0600 
IgM .353 + .030 482+ .185 .0310 
Escherichia coli IgG2 .196 + .057 285+ .101 .0060 
Streptococcus pneumoniae IgG2 ‚293 + .068 317+ .119 ‚0130 
Staphylococcus epidermidis IgG .989 + .657 2.520 + 1.226 ‚0001 
IgG2 .329 + .268 1.5002 .976 .0000 
IgG3 .213 + .066 .326 + .155 .0130 
IgG4 .264 + .425 1.1102 .748 .0010 
Hemophilus influenzae IgGi .180 + .097 279+ .108 .0210 
very significant inverse correlation between the ure 5 illustrates our findings and suggests that, in 
IgG? subclass level for 5 epidermidis and the num- general, IgG antibodies directed against milk, eggs, 
ber of episodes of acute otitis media in the popula- and wheat are significantly higher in the otitis- 
tion studied. These studies extend the previous in- prone child than in children who develop less than 
vestigation by the Huddinge University group in four episodes in the first 2 years of life. Further- 
Sweden? and suggest that one possible factor associ- more, specific immune complexes involving food 
ated with the otitis-prone condition is a deficiency antigens and IgG, as measured by Dr John Halsey 
in the specific humoral immune response to bacteri- in Overland Park, Kansas (unpublished data), sug- 
al antigens. gest that those children with elevated levels of IgG 


Recently, in thi d. R l-Dagóó and in the serum and in the middle ear fluid also often 
poeni, in this севан E apos uA have food immune complexes in both the serum and 


о аю that the ne Mis Si prone to the middle ear effusion (MEE). Whether or not these 
infections ої the upper a y ract cannot antigen-antibody complexes are complement-fixing 
mount a lasting protective immune response despite or whether they play any role at all in the pathogen- 


аи асе Infections, On the oth er hand, the esis of otitis media needs to be explored further. We 
child who is non-otitis-prone has higher levels of wish to state, however, that not only are microbial 


eden € s : enis TY of M in a antigens capable of producing immune complexes 
ections. Thus, natural immunity 15 no ерепчеп in otitis media, but now we must also take a careful 
on exposure to every possible pathogen, but must be look at nutritional antigens, particularly COW'S 
a T other PEET Again, this (aid dia milk, as a leading offender in the development of 
that the otitis-prone children as a group have ower food immune complexes in OME in the otitis-prone 


specific antibody levels directed against pneumo- child 
coccal polysaccharides than healthy children, and it l 
confirms earlier findings that this group also has This report has presented a very brief overview of 


lower leygls of IgG2. It must be emphasized again 

Pa this mechanism of depressed humoral immune 

sponse to specific bacteria is probably only one of 
many factors leading to the otitis-prone state. 
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ШЕШ Otitis- Prone 


20,815 Non Otitis- Prone 


One of the most controversial areas in medicine is 13,212 
the subject of adverse reactions to food. There is dis- 
agreement on incidence and prevalence, as well as 
considerable ignorance of the likely pathogenetic 
mechanism. Although IgE-mediated hypersensitivi- 
ty is a well-known cause of food allergy, there is in- 
creasing evidence to suggest that other immunologic 
mechanisms may trigger the activation of host me- Milk Egg White Wheat 
diators or biologic amplification systems following 
ingestion of certain foods. We recently studied the 
Igk and IgG antibodies against specific foods in the Fig 5. Immunoglobulin G radioallergosorbent test against 
serum and middle ear fluids of otitis-prone children foods in otitis-prone and non-otitis-prone children. There 


; з is significantly more IgG antibody directed against foods in 
and compared them to children who were non-ottis- otitis-prone group. Also, food immune complexes appear 


prone as defined in the preceding paragraphs. Fig- more commonly in otitis-prone group. 


Radioactive Counts ( Thousands) 


Food Antigens 


Bernstein, Immunologic Reactivity 23 


some new perspectives in the immunology of otitis 
media. It has been suggested that the tonsils and 
adenoids may be the site of precursors for cells lead- 
ing to humoral immune responses in the middle ear. 
The final proof for this is not yet available, but it is 
interesting to speculate that IgD B cells provide the 
early clones of B cells that will develop into IgA J- 
chain-pos:tive cells that will be responsible for the 
secretory immune system in OME. The presence of 
specific artibody produced by plasma cells in MEE 
against S mutans and bovine serum albumin (anti- 
gens that are rarely, if ever, found in the middle 
ear) suggests that these cells have been derived from 


the tonsils. Secondly, there is accumulating evi- 
dence that one of the possible factors in the develop- 
ment of otitis proneness is the genetic inability of 
these children to produce humoral antibodies 
against bacteria in levels that are sufficient either to 
protect the child against bacterial infections in the 
middle ear or to eradicate the bacteria once they ar- 
rive at the level of the MEM. Finally, it is suggested 
that food immune complexes may be present in the 
middle ear fluid. Whether or not food immune 
complexes can activate complement and produce 
inflammatory mediators, and thereafter tissue in- 
jury, remains speculative at present. 
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INTRODUCTION 


Immunity plays an important role in otitis media 
with effusion (OME). In the middle ear, as at any 
body site, immune response is the most effective de- 
fense against infection. There is evidence that the 
development of effective immunity plays an impor- 
tant role in the resolution of recurrent acute otitis 
media. High levels of immunoglobulins, including 
those against middle ear pathogens, are present in 
the effusions of chronic otitis media’? and appear to 
contribute to their sterility. It is quite likely that 
these immunoglobulins help prevent chronic OME 
from developing into acute OME. However, it has 
also been suggested that inflammation associated 
with this immune response may contribute to the 
generation of effusion in chronic OME. 


Since the middle ear is lined by a mucosa, it is 
logical to compare immune responses in the middle 
ear cavity to those observed at other mucosal sites. 
However, the middle ear mucosa (MEM) is unique 
when compared to these other mucosae. The nor- 
mal MEM is a rudimentary structure, with very few 
resident lymphocytes and no lymphoid tissue.’ This 
means that the middle ear must constitute an im- 
mune response de novo each time it is required. The 
processes by which this is accomplished are largely 
unexplored. 


To address such questions, we have investigated 
immune responses in the middle ear of the guinea 
pig. As an antigen, we have used keyhole limpet 
hemocyserm (KLH), a well-characterized antigen 
P is effective in sensitizing both humoral and 
cell- mediated immunity. 


FATE OF ANTIGEN IN MIDDLE EAR 


A central concern in any immune response is the 
fate of antigen at the site of introduction. This is a 
special concern in the middle ear. Antigen that was 
absorbed by the MEM would presumably enter 
draining lymphatics and sensitize lymphocytes in 
the draining lymph nodes. Antigen draining via the 
eustachian tube would have access to mucosal lym- 
phocytes of the upper respiratory and gastrointesti- 
nal tracts. To investigate this, KLH was radiola- 


beled with iodine 131 and injected into the middle 
ear of either normal guinea pigs or animals in which 
the eustachian tube had been surgically obstructed. 
Free '*'I was cleared from the middle ear within 24 
hours; "?'I-labeled KLH was cleared from the nor- 
mal middle ear much more slowly. However, by 7 
days after injection, only 12.0% +6.3% remained 
in the middle ear cavity. When the eustachian tube 
was obstructed, clearance was slowed dramatically, 
but not eliminated. Seven days after injection, 
58.7% +13.0% remained in the middle ear. In 
both normal and obstructed animals, approximate- 
ly 20 times as much label accumulated in retropha- 
ryngeal and cervical lymph nodes as was seen in 
either distant lymph nodes or Peyer's patches. How- 
ever, the total amount of label present in the nodes 
was small — considerably less than 1% of the 
amount injected into the middle ear. 


These data suggest that even when much of the 
antigen drains into the nasopharynx and is presum- 
ably swallowed, antigen from the middle ear reaches 
lymphocytes primarily by absorption into the mu- 
cosa and lymphatic drainage to the lymph nodes of 
the neck. 


SENSITIZATION OF SYSTEMIC IMMUNITY VIA 
MIDDLE EAR 


Another critical factor controlling immune re- 
sponse in the middle ear is the degree to which sys- 
temic immunity is sensitized to antigen presented in 
the tympanic cavity. To investigate this, we in- 
jected a single dose of KLH into the middle ear of 
normal, nonsensitized guinea pigs and measured 
the subsequent humoral and cell-mediated immune 
response to KLH in peripheral blood. For compari- 
son, separate groups of animals were immunized in- 
tradermally, intraperitoneally, or in the inner ear. 


As would be expected, immunization in the der- 
mis and peritoneum produced high levels of circu- 
lating anti-KLH IgG and measurable sensitization 
of T-lymphocytes. Interestingly, inner ear immuni- 
zation produced comparable sensitization of sys- 
temic immunity. However, middle ear immuniza- 
tion produced very little circulating antibody to 
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KLH and no detectable sensitization of T cells. The 
use of adjuvant in the middle ear increased the cir- 
culating titers against KLH, but did not produce 
detectable T cell sensitization. 


These cbservations demonstrate that the afferent 
limb of systemic immunity operates poorly from the 
middle ear cavity. They suggest that the middle ear 
may not be well defended by systemic immunity 
against am infection that originates in the tympanic 
cavity. 


EFFECTS OF IMMUNE RESPONSE IN 
MIDDLE EAR CAVITY 


Since systemic immunity is poorly sensitized via 
the midd e ear cavity, it might be expected that im- 
mune response would be expressed weakly at this 
site as well. However, this is inconsistent with clin- 
ical observations, since immunoglobulins specific to 
middle ear pathogens are frequently isolated from 
the effusons of patients with OME.'? It has also 
been suggested that the inflammation associated 
with imraune response may contribute to the patho- 
genesis oc OME. To investigate such questions, the 
middle ear response to antigen was evaluated in 
nonsensidized animals and in those that previously 
had beer sensitized by a systemic route. 


Antigen injected into the middle ear of unimmu- 
nized arimals had relatively little effect upon the 
tympani» cavity. While many leukocytes entered 
the MEM and lumen, there was little inflammation 
and no effusion. In contrast, antigen injected into 
the midcle ear of animals that had previously been 
sensitized by intradermal immunization produced 
brisk, dramatic inflammation and effusion. Follow- 
ing a single injection of antigen, this immune-medi- 
ated OM E lasted only 1 to 2 weeks. During this pe- 
riod, the MEM exhibited hyperplasia and edema. 
The mueosa and middle ear lumen were infiltrated 
by neut-ophils, with a small number of lympho- 
cytes, mmnocytes/macrophages, and eosinophils. If 
antigen was maintained in the middle ear cavity, 
however, by repeated injections of soluble antigen 
or by irjection of a precipitated form, a chronic 
immune-mediated OME developed. Effusion in this 
model lasted for several weeks. The MEM devel- 
oped mere respiratory epithelium, with prolifera- 
tion of cliated and goblet cells. The chronic middle 
ear immune response was characterized by infiltra- 
tion ef the MEM with monocytes/macrophages, 
neutropails, and a smaller number of lymphocytes 
and eosmophils. 


These observations indicate that immune re- 
sponse ean result in either acute or chronic middle 
ear effusion (MEE). This is consistent with the hy- 
pothesis that immune-mediated inflammation can 
contribute to OME pathogenesis. 


IMMUNOGLOBULIN ISOTYPES PRODUCED 
DURING MIDDLE EAR IMMUNE RESPONSES 


Following the injection of antigen into the mid- 


dle ear of a nonsensitized animal, little or no im- 
munoglobulin against that antigen was detected in 
MEEs by ELISA, and plasma cells were observed 
infrequently in the mucosa. In an acute secondary 
middle ear immune response produced by a single 
injection of KLH into the tympanum of an animal 
previously sensitized intradermally, anti-KLH IgG 
was detected in significant quantities in MEEs. The 
level of antigen-specific IgG was always less than or 
equal to the level observed in serum. Antigen-spe- 
cific IgA and IgM were not detected. Numerous 
plasma cells producing immunoglobulin specific to 
KLH proliferated within submucosa about 1 week 
after challenge. The majority of these produced IgG 
(93.3%). Few plasma cells produced IgA (4.6%) or 
IgM (2.1%). This proportion of plasma cell isotypes 
is similar to that seen in peripheral lymph nodes, 
and it is somewhat surprising to observe at a muco- 
sal site. However, it is clear that local production of 
specific immunoglobulin occurs in the middle ear. 


In a chronic middle ear immune response pro- 
duced by repeated antigenic challenge, not only 
IgG, but also IgA, was measured in the resultant 
MEE. While the level of antigen-specific IgG re- 
mained less than that in serum, the amount of anti- 
gen-specific IgA greatly exceeded serum levels. In 
the mucosa, plasma cells producing IgG predomi- 
nated (78.5%), and few cells producing IgM 
(1.9%) were apparent. However, in contrast to an 
acute immune response, plasma cells producing IgA 
were also common (19.6%). 


These results suggest that immune response in the 
middle ear can be characterized by local production 
of both IgG and IgA. However, in an acute immune 
response, peripheral blood lymphocytes appear to 
populate the middle ear in a nonspecific manner, 
leading to dominance of the immune response by 
IgG. Immunoglobulin A production requires a 
longer period of time to develop, and thus is more 
characteristic of chronic middle ear immune re- 
sponse. In a chronic immune response, IgA lympho- 
cytes clearly accumulate preferentially in the muco- 
sa, since the proportion of IgA plasma cefis.exceeds 
the proportion of IgA-committed B cells in the &г- 
culation and the levels of IgA in effusions greatly ex- 
ceed that in serum. This may be because the more 
developed mucosa that is characteristic of the 
chronically inflamed middle ear favors prolifera- 
tion of lymphocytes committed to this isotype. Al- 
ternatively, IgA plasma cells may enter the chron- 
ically inflamed MEM preferentially, as they have 
been shown to do at other mucosal sites.* In either 
case, it requires a period of time before the MEM 
acquires the characteristics that lead to preferential 
IgA production. 


LYMPHOCYTE CIRCULATION TO 
MIDDLE EAR 


We have begun to investigate the circulation of 
lymphocytes from systemic sites into the middle ear 
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cavity. We immunized animals intraperitoneally 
with KLH and adjuvant, followed by an intradu- 
odenal boost with KLH alone. This protocol has 
been shown to increase the number of circulating 
IgA-committed lymphocytes that are sensitized to 
the antigen.? After these animals were challenged in 
the middle ear cavity, they exhibited an acute im- 
mune-mediated OME similar to that described above. 
Analysis of plasma cells in the MEM showed that 
while those producing IgG predominated (72.2%), 
many IgA-producing cells (26.6%) were also pres- 
ent. Immunoglobulin M-producing plasma cells 
were rare (1.2%). 


These results suggest that one reason for the dom- 
inance of IgG in our acute model of middle ear im- 
mune response is that intradermal immunization 
produces few IgA-committed B cells that are sensi- 
tized to the antigen. They also indicate that the 
middle ear can be seeded by lymphocytes that origi- 
nated at a distant mucosal site. 


DISCUSSION 


Our animal studies suggest that the immune de- 
fense of the middle ear is unique in several respects. 
First, afferent communication between the middle 
ear and systemic immunity is surprisingly poor, 
even weaker than from the inner ear. This implies 
that the middle ear has limited initial ability to de- 
fend itself from infection if there is no preexisting 
systemic immunity to the infecting organism. Sec- 
ond, the local immunologic resources of the middle 
ear are quite limited. There are few lymphocytes in 
the normal MEM, and no aggregations of local lym- 
phoid tissue.? The immune defense of the middle 
ear probably originates with lymphocytes from 
other locations, such as draining lymph nodes and 
distant mucosae. The result of these two factors is 
that the local defenses of the middle ear are rudi- 
mentary when the mucosa is normal. This leaves 
the middle ear poorly defended against an infection 
that originates at this site. 


This doesnot mean that the middle ear is without 
immune defenses. Antigens from the middle ear do 
pach draining lymph nodes, apparently in relative- 
ly small amounts, and given a sufficient amount of 
time there is effective sensitization of systemic im- 
munity via the middle ear. Also, when there is pre- 
existing systemic immunity, this is expressed vigor- 
ously in the middle ear cavity. 


If preexisting immunity is of the IgG type, the 
acute phase of immune response is dominated by 
IgG, originating both from exudated serum and 
from local production by lymphocytes that seed the 
MEM from the circulating population of lympho- 
cytes. However, despite the presence of local IgG 


production, the levels of specific IgG in MEEs rare- 
ly exceed those seen in serum. In the chronic phase 
of a long-lasting middle ear immune response, IgA 
plays a more important role in the defense of the 
middle ear. Local production yields levels of specif- 
ic IgA that far exceed those seen in serum. If preex- 
isting sensitization includes IgA-committed B cells, 
IgA also plays a more important role in the middle 
ear immune response, even when the lymphocytes 
were sensitized at a distant mucosal site. This sug- 
gest that the middle ear participates in a common 
mucosal defense system, as has been suggested for 
other mucosae.‘ 


These results suggest that the middle ear is capa- 
ble of immune defense if the host has preexisting im- 
munologic memory of an infecting organism, or if 
the infection persists for a long period of time. 


Another important aspect of middle ear immune 
responses is their capacity to produce inflamma- 
tion. We have shown that response to antigen can 
produce both acute and chronic OME in animals in 
the absence of either bacterial infection or eusta- 
chian tube obstruction (ETO)."? This suggests that 
immune responses have at least the capacity to con- 
tribute to the pathogenesis of OME in humans. This 
is not to say, of course, that immune response is re- 
sponsible for all or even the majority of OME. How- 
ever, while ETO and infection are clearly major eti- 
ologic factors in OME, immune response to infect- 
ing organisms and other antigens may contribute to 
pathogenesis in many instances and may be a pri- 
mary factor in some cases. 


A major contributing factor to immunopathogen- 
esis in OME might be the nature of the tympanic 
cavity itself. The middle ear has restricted drainage, 
and it becomes a closed space in the case of ETO. In 
this environment the mediators that are associated 
with immune responses can accumulate, leading to 
increased potential for inflammation. The middle 
ear is also a mucosal surface. Hanson and Brandt- 
zaeg'? have hypothesized that accumulation of IgG 
at mucosal surfaces is an important factor in muco- 
sal disease. Our model suggests that accumulation 
of IgG in the middle ear cavity is a common factor 
in immune response at this site. According to Han- 
son and Brandtzaeg's hypothesis, this condition 
would lead to mucosal disease. 


Thus immune responses in the middle ear may 
produce both benefits and liabilities, contributing 
to the resolution of infection, but also generating in- 
flammation and local tissue damage. The need to 
balance these conflicting outcomes in a closed space 
may be one reason why the middle ear is such a fre- 
quent site of both infection and inflammation. 
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INTRODUCTION 


Recent evidence suggests that bacteria and sub- 
cellular bacterial components may contribute to the 
pathogenesis of chronic otitis media with effusion 
(OME).'? Liu et al? found that 75% of effusions 
from children with chronic OME contained bac- 
teria, usually gram-positive cocci in Gram’s stained 
smears. However, only 52% of the effusions yielded 
bacteria on culture; hence, killed bacteria may be 
retained in the middle ear space. Endotoxin and 
pneumococcal capsular polysaccharides have been 
detected in many sterile middle ear effusions (MEEs) 
from children with chronic OME.*5 Since Hemoph- 
ilus influenzae, an endotoxin-containing gram-neg- 
ative microorganism, and Streptococcus pneumo- 
niae are principal causes of acute otitis media, the 
presence of subcellular components of these organ- 
isms in fluid from chronic OME patients suggests 
that these products may contribute to the patholog- 
ical transition from acute to chronic OME. 


The significance of pneumococcal cell surface 
components in the pathogenesis of pneumococcal 
meningitis and pneumonia has recently been ex- 
plored in rabbit infection models. Pneumococcal 
cell wall invoked significantly more inflammatory 
changes in CSF and bronchial lavage fluid than 
pneumocgsecal capsular polysaccharide.9? Pleocyto- 
sis and'abnormal chemistries were observed in both 
models. Since pneumococcal cell wall has an in- 
flammatory effect on meningeal and respiratory tis- 
sues, we hypothesized that pneumococcal cell wall 
retained in the middle ear would also invoke in- 
flammatory changes similar to those characteristic 
of naturally acquired OME that could be measured 
by cytologic and biochemical analysis of middle ear 
fluid and by quantitative histopathologic study of 
the middle ear mucoperiosteum. 


MATERIALS AND METHODS 
Eustachian tube obstruction (ETO) was per- 


formed on 1- to 2-year-old healthy adult chinchillas 
under ketamine hydrochloride anesthesia (30 mg/ 
kg) as previously described.* Effusion was detected 
in over two thirds of ears by the third week after the 
operation. 


Encapsulated type 7F S pneumoniae and unen- 
capsulated R6 S pneumoniae, originally derived 
from a type 2 strain, were grown to mid-log phase. 
Bacterial suspensions were killed by heating in a 
boiling water bath for 10 minutes, centrifuged, and 
washed once in saline. Prior to inoculation, the sus- 
pensions were diluted to a concentration of 2 x 10’ 
colony-forming units (CFU) per milliliter, based on 
the original colony count; 2 x 10* killed bacteria in 
0.1 mL saline were inoculated directly into the mid- 
dle ear space through the cephalad bulla. Lyophi- 
lized pneumococcal cell wall was prepared from the 
R6 strain as previously described.’ Ten micrograms 
of isolated cell wall in 0.1 mL saline was inoculated 
directly into the middle ear through the cephalad 
bulla. Ten micrograms of cell wall is roughly equiva- 
lent to the amount of cell wall in 10* bacteria. 


Effusion was aspirated from the middle ear space 
via the superior bulla for culture, leukocyte counts 
and differentials, and lysozyme determination. 


After the animals were killed, temporal bones 
were harvested and immersed in 10% buffered for- 
malin followed by decalcification in trichloroacetic 
acid and dehydration in a graded series of alcohol. 
Specimens were embedded in celloidin, sectioned at 
a thickness of 20 um, and stained with hematoxylin 
and eosin. Mucoperiosteal histopathology in chin- 
chilla temporal bones was assessed using a newly 
developed semiquantitative scoring system by an 
observer blinded as to inoculum group.'? Each in- 
ferior bulla, containing the middle ear space, was 
examined at three distinct anatomic levels: 1) the 
hypotympanum up to the widest cross section of the 
round window membrane; 2) the midmodiolar re- 
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gion, including sections just superior to the midsec- 
tion of the round window membrane up to the first 
section abcve the oval window; and 3) the supramo- 
diolar region, including all sections superior to the 
oval windew and the eustachian tube orifice. Epi- 
thelial anc subepithelial space disease was defined 
as focal or diffuse. Cell counts were taken using a 
calibrated grid at an area determined to be repre- 
sentative cf a diffuse pathologic process. 


Effusior in the middle ear space and subepitheli- 
um, hemorrhage, fibroblasts, organizing fibrous tis- 
sue, granulation tissue, osteoneogenesis, and sub- 
epithelial hickness were each scored individually. 
The epithelium was scored semiquantitatively for the 
presence and degree of metaplasia and the number 
of goblet cells. For statistical analyses, the scores for 
similar parameters in the subepithelial space and 
middle ear space were combined for all three levels, 
and the combined score was subjected to analysis. 


RESULTS 


Middle Ear Inflammation Due to Nonviable Pneu- 
mococci. Three experiments were performed to in- 
vestigate cur hypothesis. The first experiment was 
designed to measure the middle ear inflammatory 
response to killed encapsulated and killed unencap- 
sulated pneumococci. The ears of 34 chinchillas 
that had Яша present at 18 to 21 days post-ETO 
were assigned randomly for inoculation with killed 
unencapsulated pneumococci (18 ears), killed en- 
capsulatec pneumococci (15 ears), or saline (20 
ears). The mean MEE polymorphonuclear lympho- 
cyte (PMNL) concentration increased significantly 
after inoculation of the killed encapsulated and the 
killed uneacapsulated pneumococci. At no time was 
there a significant difference in PMNL content be- 
tween ears inoculated with encapsulated versus 
unencapsulated pneumococci. The mean MEE lyso- 
zyme coneentration also increased after inoculation 
of killed anencapsulated pneumococci. On day 3 
postinoculation, the mean lysozyme concentration 
was significantly greater in ears inoculated with the 
unencapsulated (р = .0001) or encapsulated pneu- 
mococci (р = .001) than in control ears inoculated 
with salire, and there was a trend (р = .07) for a 
higher lysozyme concentration in ears inoculated 
with unencapsulated pneumococci than in those in- 
oculated with encapsulated pneumococci. 


At 7 days postinoculation, middle ear mucoperi- 
osteal pathologic changes were characterized by 
both acute and chronic inflammation. There was 
slightly greater subepithelial thickness, PMNL con- 
centratior, and epithelial metaplasia in ears inocu- 
lated with either encapsulated or unencapsulated 
pneumocccci than in control ears inoculated with 
saline. However, none of these differences were sig- 
nificant, because of the pathologic changes caused 
by tubal oostruction alone. Although some granula- 
tion tissue was present in control ears because of 


tubal obstruction, there was significantly more 
granulation tissue present in ears inoculated with 
unencapsulated (p « .04) and encapsulated (p « .04) 
pneumococci than in control ears inoculated with 
saline. 


A second experiment was performed to exclude 
the effect of ETO alone on mucoperiosteal tissue 
changes. Both middle ears of six healthy chinchillas 
(without tubal obstruction) were randomly assigned 
for inoculation with killed encapsulated or killed 
unencapsulated pneumococci or saline. All animals 
were killed on day 7 postinoculation. Ears inocu- 
lated with encapsulated and unencapsulated killed 
pneumococci demonstrated the same types of dis- 
ease as in the previous experiment; however, in the 
absence of disease due to ETO, experimental and 
control ears now differed significantly in several 
parameters. The concentrations of PMNLs and 
mononuclear cells and the severity of epithelial 
metaplasia were significantly greater in ears inocu- 
lated with killed encapsulated and unencapsulated 
pneumococci than in control ears inoculated with 
saline. 


Middle Ear Inflammation Due to Isolated Cell 
Wall. A third experiment measured the middle ear 
response to isolated pneumococcal cell wall ex- 
tracted from the unencapsulated R6 strain that was 
inoculated into the middle ears of ten healthy chin- 
chillas whose eustachian tubes had been obstructed 
5 to 7 days previously. The opposite ear of each ani- 
mal was inoculated with saline. Acute inflamma- 
tion was observed in middle ear mucoperiosteum 3, 
7, and 10 days after inoculation of isolated pneumo- 
coccal cell wall. The concentration of PMNLs, vas- 
cular congestion, and epithelial metaplasia were 
significantly greater in cell wall-inoculated than in 
control ears over all 3 sacrifice days. Subepithelial 
thickness on day 14 was greater in cell wall-inocu- 
lated than in saline-inoculated ears. 


Chronic inflammation was also observed in cell 
wall-inoculated ears, with more granulation tissue 
and osteoneogenesis in cell wall-inoculated eats 
than in saline-inoculated control ears over all sacri- 
fice days. 


DISCUSSION 


The tissue changes of experimental purulent otitis 
media caused by viable S pneumoniae have been 
studied extensively in chinchillas. Inoculation of the 
middle ear space with viable S pneumoniae causes 
an acute infiltration of PMNLs in the subepithelial 
space of middle ear mucosa and subepithelial ede- 
ma by day 3 after inoculation." Epithelial meta- 
plasia, increasing edema, and MEE containing 
PMNLs are apparent by day 7. Leukocyte infiltra- 
tion diminishes after week 3, epithelial secretory ac- 
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tivity diminishes after week 4, and subepithelial 
thickness returns to normal by week 10 in untreated 
animals.? Histopathologic characteristics of chronic 
otitis media found in humans, such as mucoperios- 
teal granulation tissue and osteoneogenesis, are ap- 
parent in the chinchilla model by week 2 and be- 


come the predominant type of tissue change by 
week 10.’ 


In the present study, we observed that all forms 
of acute and chronic middle ear mucoperiosteal tis- 
sue changes caused by viable, replicating pneumo- 
cocci were also caused by nonviable pneumococci 
and, particularly, by nonviable unencapsulated 
pneumococci and isolated pneumococcal cell wall. 
There was perhaps more inflammation caused by 
the killed unencapsulated pneumococcal strain than 
by the killed encapsulated strain, as reflected by the 
MEE lysozyme concentration on day 3 and epitheli- 
al metaplasia in animals without ETO. Therefore, 
rough pneumococci with the cell wall exposed on 
the outermost surface of the bacteria may cause 
more acute inflammation than organisms enveloped 
with capsule. Tuomanen et alé made a similar ob- 
servation in the rabbit meningitis model. Capsular 
polysaccharide does not appear to be necessary for 
inducing middle ear inflammation, since purified 
pneumococcal cell wall alone caused disease similar 
to that seen in ears inoculated with killed encapsu- 
lated pneumococci. 


The exact mechanism and extent of degradation 
of pneumococcal cell wall in vivo has not been es- 
tablished, and there is strong evidence that native 
pneumococcal cell wall is degraded only minimally 
in serum and CSF." Lysozyme, the major serum 
hydrolase, does not degrade native pneumococcal 
peptidoglycan containing teichoic acid in vitro. It is 
not clear whether partial degradation of cell wall is 
an extracellular or intracellular event in the pres- 
ence of phagocytes. It is possible that the PMNLs 
present in chinchilla MEE are being stimulated con- 
stantly by cell wall to release their lysosomal con- 
tents, but the lysosomal enzymes are not able to 
degrade cell wall completely, especially the pepti- 
doglycan-teichoic acid complex, which in turn con- 
tinues to stimulate PMNL degranulation, setting up 
a cycle that results in chronic inflammation. 


Treatment of acute pneumococcal otitis media 
with cell wall-active antibiotics may further en- 
hance both acute and chronic middle ear inflamma- 
tion by releasing products of cell wall lysis into the 
middle ear. The powerful inflammatory activity of 
the products of penicillin-induced autolytic cell 
wall degradation was demonstrated recently in the 
rabbit meningitis model." Further studies are un- 
derway to determine how long the pneumococcal 
subcellular components remain in the middle ear 
cleft and which components are chiefly responsible 
for middle ear inflammation. 
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The pathogenesis of otitis media with effusion 
(OME) ha: not been established definitively, and 
the contribution of bacteria to this disease has been 
the focus ОЁ intensive research over the past 15 
years. Recently, attention has focused on the role of 
biologicall* active microbial cell wall components 
that are nct eradicated by local host defense mecha- 
nisms and »ersist in the middle ear following effec- 
tive micro»ial drug treatment. One such substance 
is endotoxm, a lipopolysaccharide (LPS) cell wall 
componen of gram-negative bacteria such as the 
otitis med pathogens Hemophilus influenzae and 
Moraxella catarrhalis. 


Numerous investigators have detected endotoxin 
in middle 2ar effusions (MEEs) from patients with 
otitis medī. Bernstein et al’ detected endotoxin in 
the MEEs cholesteatomas, and granulation tissue 
of 13 specimens from 31 patients with chronic otitis 
media. Orly 7% of the sterile MEEs in this study 
contained endotoxin. DeMaria et al? found endo- 
toxin in 7] of 89 middle ear fluids (80%) from pa- 
tients wita chronic otitis media. Endotoxin was 
present in 37% of the culture-negative MEES in this 
study. The mean concentration was 12.9 ng/mL. 
Additiona. studies by Iino et al? and Nonomura et 
al^ clearly indicate that the incidence of endotoxin 
in sterile MEEs from patients with otitis media is 
greater then 65%, and the incidence of endotoxin is 
higher in mucoid versus serous MEEs. 


Endotozins are LPSs consisting of a lipid portion 
(lipid A), a core oligosaccharide, and O-specific 
polysacchzride side chains. The toxic activity of the 
molecule resides in the lipid A portion. Endotoxin is 
firmly anchored to the surface of the cell, where it 
forms an ntegral part of the outer membrane. It 
usually is -eleased only after death and lysis of the 
bacterium- 


The basc components of endotoxin are the same 
for most g-am-negative bacteria. However, consid- 
erable quantitative and qualitative differences ex- 
ist. For example, the basic structure of lipid A 
among gram-negative enteric organisms is the 
same, but the type and number of sugar residues 
comprising the core oligosaccharide and the 
O-specific polysaccharide vary by species. The en- 


dotoxins of H influenzae and M catarrhalis, two 
nonenteric otitis media pathogens, have only 
recently become the focus of research attention. 


Endotoxin is a biologically active material and a 
potent inducer of inflammation, as well as a modu- 
lator of the immune response. In addition, endotox- 
in is capable of interaction with complement and 
components of the clotting system. Endotoxin has 
been shown to effect the release of various vasoac- 
tive amines and other mediators of inflammation by 
direct interaction with macrophages, polymorpho- 
nuclear leukocytes, and other cell types.? The mech- 
anisms by which endotoxin exerts its biologic activi- 
ties still remain unknown. There is a consensus that 
individual biologic activities are caused by endoge- 
nous mediators whose formation and/or release fol- 
low the interaction of endotoxin with the appropri- 
ate targets. Macrophages have been suggested by 
Freudenberg et al as central effector cells in endo- 
toxin-mediated host responses. 


In view of the above discussion, it is not surpris- 
ing that experimental studies conducted so far indi- 
cate that endotoxin induces severe inflammatory 
changes in the middle ear. 


DeMaria et al' originally demonstrated that as 
little as 0.6 ug of endotoxin induced severe inflam- 
matory changes when injected into the chinchilla 
middle ear. This preliminary observation was part 
of an investigation of the role of whole nonviable H 
influenzae bacteria in inducing sterile OME. Re- 
cently, DeMaria et al? reported a complete-assess- 
ment of the histopathologic changes induced in tlfe 
middle ear with doses of H influenzae endotoxin 
ranging from 0.001 to 100 ug per ear. It was found 
that the thickness of the submucosal connective tis- 
sue, cell density, and capillary permeability in- 
creased dramatically in all experimental animals, 
even at a dose of 1 ng. Capillary destruction and 
serum transudation are the probable major patho- 
genic factors in experimental endotoxin-induced 
otitis media. 


In another experimental study, Nonomura et al^ 
recently provided histologic evidence that suggests 
that in addition to transudation, endotoxin disturbs 
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the normal mucociliary transport system. Their 
conclusion was based on a histologic assessment of 
guinea pig middle ears infused with a l-ug/mL solu- 
tion of H influenzae type b endotoxin. 


Functional studies describing the effect of endo- 
toxin on the ciliated middle ear mucosa in vitro 
were reported recently by Ohashi et al.’ This study 
demonstrated that endotoxin can affect ciliary ac- 
tivity in the middle ear in a dose-related manner, 
and that the cilia distal to the tympanic orifice are 
the most sensitive. This study was conducted with 
Klebsiella pneumoniae endotoxin. Whether endo- 
toxin from this enteric organism differs from that of 
H influenzae or M catarrhalis is not known. In a 
separate report, Ohashi et al'? also examined ciliary 
activity (beats per minute) of mucosal samples re- 
moved from the bony portion of the eustachian tube 
after injection of the middle ear with K pneumoniae 
endotoxin. They found that the presence of MEE 
coincided with manifestation of morphologic dam- 
age in the mucociliary system and concluded that 
endotoxin-induced ciliary damage promotes fluid 
accumulation in the middle ear. The morphologic 
changes were observed by electron microscopy. In 
an earlier report, DeMaria and Lim" did not ob- 
serve any histopathologic changes in the eustachian 
tube after injection of the middle ear. Their hema- 
toxylin and eosin-stained routine sections of the 
eustachian tube appeared normal even though the 
middle ear mucosa was intensely inflamed. They 
did not observe the inflammatory cell infiltrate, cy- 
toplasmic protuberances of epithelial cells, or nu- 
clear pyknosis described by Ohashi et al.'° Both 
studies did, however, note the presence of cell de- 
bris inside the tubal lumen. These differences might 
be explained by the different inoculation techniques 
or by the volumes of endotoxin solutions employed. 
Ohashi et al infused the guinea pig middle ears until 
the solution overflowed from the tympanic mem- 
brane. Another difference is that endotoxin prepa- 
rations from two divergent species of gram-negative 
bacteria were used. 


An in situ method for measurement of the rate of 
fluid transport in the eustachian tube by measure- 


ment of the movement of a dye front has been re- 
ported by Bakaletz et а]. In this system, endotoxin 
reduced dye transport significantly within 1 hour 
when 150 ug was inoculated into each ear. It could 
not be determined specifically from this study 
whether the endotoxin effect was due to ciliary 
damage. However, the brief exposure to endotoxin 
did not cause any overt histopathologic changes in 
the eustachian tube that could result in the slowing 
of transport time. 


Finally, one new avenue of research has been an 
assessment of the ability of endotoxin to pass from 
the middle to the inner ear, presumably via the 
round window membrane. A high incidence of sen- 
sorineural hearing loss and separation of the oto- 
conial membrane has been reported following epi- 
sodes of otitis media. Whether bacterial antigens 
or toxins can penetrate the round window mem- 
brane and damage the inner ear has not been deter- 
mined. In a preliminary report, Spandow et al" 
showed that the instillation of endotoxin in the mid- 
dle ear caused effusion formation and impairment 
of inner ear function. Auditory brain stem response 
testing indicated a hearing loss in the 6- to 31.5-kHz 
range that became maximal 3 to 4 days after injec- 
tion of endotoxin into the middle ear. This study in- 
dicates damage to the basal portion of the cochlea 
near the round window. No direct measurement of 
the endotoxin in the inner ear was undertaken as 
part of this study. 


Recently Kawauchi et al^ demonstrated that en- 
dotoxin is demonstrable in the perilymph by 12 
hours after injection of the middle ear and persists 
for at least 5 days. Endotoxin in the perilymph was 
measured by means of a chromogenic limulus ame- 
bocyte lysate test. 


In summary, it is clear from the above studies 
that endotoxin from gram-negative bacteria is 
capable of inducing severe inflammatory changes in 
the middle ear and probably contributes to the 
pathogenesis of otitis media. Recent evidence indi- 
cates that by crossing the round window membrane 
it may also contribute to inner ear sequelae of otitis 
media. 
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INTRODUCTION 


The Division of Infectious Diseases at the Chil- 
dren’s Hospital of Buffalo is engaged in a longitudi- 
nal study of otitis media in children who range in 
age from birth to 5 years (National Institute of 
Child Health and Human Development grant no. 
196-79-02). Children are examined four times each 
year during well visits and at each episode of ear in- 
fection. Blood and middle ear fluid are collected in 
order to identify the cause of infection and to deter- 
mine the specific antibody response to the inciting 
agent. The project has gotten underway only re- 
cently, and the results presented here represent a 
very early assessment of the data. 


The major thrust of this presentation will be on 
the antibody response to nontypeable Hemophilus 
influenzae (NTHI) in the serum and middle ear 
fluids of children with otitis media with effusion 
(OME). Very little is known about the immune re- 
sponse to NTHI. Antibody to NTHI has been identi- 
fied previously in the middle ear fluids of children 
with OME.' Bactericidal antibodies to NTHI are 
generally absent in serum at the start of OME, but 
appear during convalescence.” This antibody, which 
appears to be directed against the outer membrane 
protein component of the organism, is clearly pro- 
tective in an animal model.? The present report 
confirms the presence of specific antibody to NTHI 
in the serum and middle ear fluid of children with 
OME. Furthermore, it suggests that recurrent mid- 
dle ear disease is associated with higher levels of an- 
tibody in the middle ear. 


MATERIALS AND METHODS 


Subjects. Seventy-eight children were enrolled in 
the study. They ranged in age from 1 day to 5 years. 
Forty-five children developed OME, and 20 had 
NTHI. 


Antibody Assay. An immunodot assay was devel- 
oped. Nontypeable Н influenzae was grown for 18 
hours at 37°C in 5% CO» in brain heart infusion 
with added nicotinamide-adenine dinucleotide and 
hemin. The organism was washed, suspended in 
Hanks’ balanced salt solution, and sonicated. Five 
microliters of the preparation were applied to nitro- 
cellulose paper and allowed to dry. A blocking buf- 
fer was then added and rinsed. Appropriate dilu- 
tions of either serum or middle ear fluid were next 
added in 0.5-mL volumes and incubated at room 
temperature for 1 hour. Protein A peroxidase was 
added and incubated for 1 hour at room tempera- 
ture. The preparation was rinsed before the addi- 
tion of horseradish peroxidase color developing 
agent, and this was incubated in the dark at room 
temperature for 45 minutes. The titer of antibody 
was the reciprocal of the last dilution to produce 
any detectable color. Preliminary experiments con- 
firmed the specificity of the reaction and suggested 
the IgG nature of the reaction. The antibody could 
be completely removed with H influenzae but not 
Staphylococcus aureus or Escherichia coli. Homolo- 
gous and heterologous strains of H influenzae pro- 
duced similar results. For this reason the experi- 
ments were conducted with a prototypic strain of 
NTHI. 


RESULTS 


Serum Antibody Titers in Normal Population. 
Sera were collected from ten normal individuals in 
different age groups: birth, '^, 1, 1'4, 2, 4, 6, and 
10 years, and adult. The sera in each age group 
were pooled for testing. Table 1 shows the antibody 
titers for the various age groups. As can be seen, the 
titer at birth was similar to that in the adult group. 
It then dropped to the lowest level around 6 months 
of age and remained relatively low until around 2 
years of age. Adult levels were approached at 4 
years. 
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TABLE 1. MEAN SERUM ANTIBODY TITER TO NTHI IN 
GENE RAL POPULATION ACCORDING TO AGE 


Birth 25,600 4 yr 25,600 
уг 3,200 бут 25,600 
lyr 6,400 10 yr 25,600 
l'h yr 6,400 Adult 25,600 
2 yr 6,400 


Each age group contained ten subjects. 
NTHI — nentypeable Hemophilus influenzae. 


Antibody Response in Middle Ear. Table 2 de- 
scribes the immune response to NTHI in the serum 
and midde ears of children with otitis media. The 
first child, who was 9 months old, developed 
asymptomatic bilateral OME. This was the first re- 
corded ep:sode of otitis in the child, and the levels of 
antibody were undetectable in the middle ear fluid 
(« 25), yet the titer in the serum was 3,200. The 
fluid in the middle ear persisted for 1 month despite 
appropriete antibiotic therapy. A second tympano- 
centesis performed 30 days after the original diag- 
nosis and after a brief period of fever revealed NTHI 
in the rigat ear and nothing in the left. A low titer 
of specific antibody was now detected in fluid from 
the right middle ear, while the serum antibody re- 
mained steady. 


The se-ond child developed the first episode of 
OME due to NTHI at the age of 4 months. The titer 
of antibody was 100 on the left and 200 on the right; 
the serum titer was 3,200. The child developed a 
second episode of NTHI OME 4 months later. The 
antibody titer in the infected ear was 200, while 
that in the noninfected ear was 50. The serum titer 
was 6,408. 


The th. rd child, who was 5 months of age, also 
exhibited low levels of antibody to NTHI during a 
second episode of OME. 


The next child had experienced seven episodes of 
otitis media. The current one was due to Strepto- 
coccus pneumoniae. The titers of the antibody to 
NTHI were 100 in the left and < 25 in the right ear. 
One month later the child experienced another epi- 
sode of bilateral OME, but this time NTHI was the 
pathogen. The antibodies in middle ear fluids re- 
mained the same. Three months later another epi- 
sode of otitis media developed; it was due to 5 pneu- 
moniae and Branhamella catarrhalis. The middle 
ear fluid antibodies to NTHI persisted but remained 
low. 


The last series of children each had experienced 
multiple episodes of otitis media, often exceeding 
ten. As can be seen in Table 2, the antibody titers in 
the middle ear fluids often approached 1,600. The 
titer in the middle ear did not persist at a high level 
unless it was boosted by a recent episode of otitis 
media. For example, patient 8 had an antibody titer 
of 1,600 in the ear during an episode of OME; how- 
ever, 4 months later, in the absence of infection, the 
antibody titer dropped to 100. Serum antibody ti- 
ters remained appropriate for age. 


DISCUSSION 


Otitis media is a common recurrent problem for 
many children during the first 5 years of life. The 
role of humoral immunity in decreasing the fre- 
quency or severity of middle ear disease remains 
poorly defined. The data from the present study 
suggest that children of all ages possess serum anti- 
bodies to NTHI. The levels of antibody in the serum, 
as measured by an immunodot assay with a protein А 
peroxidase conjugate, suggest that the antibody titer 
is high at birth, falls off at 6 months of age, begins 


TABLE 2. ANTIBODY TITER TO NTHI IN SERUM AND MIDDLE EAR FLUIDS OF CHILDREN WITH OTITIS MEDIA 


Pt Age (mo Episodes of Otitis Media 
1 9 1 
10 Persistent fluid, fever 
2 4 1 
8 2 
5 2 
4 11 7 
14 8 
16 Persistent fluid 
17 9 
5 10 5-10 
12 5-10 
6 14 Recurrent 
18 Recurrent 
ri 11 Ңесиггепї 
8 20 Ңесиггепї 
24 Recurrent 
9 42 Recurrent 
45 Recurrent 
10 60 Recurrent 
66 Recurrent 


Antibody 
Culture Ear (R/L Titer (R/L/Serum 
NG/NG < 25/ < 25/3,200 
NTHI/NG 100/NA/3,200 
NTHI/NTHI 200/100/3,200 « 
NG/NTHI 50/200/6,400 e 
NTHI/NG « 25/ « 25/NA 
NG/SP < 25/100/NA 
NTHI/NTHI < 25/100/3,200 
NG/NA < 25/NA/6,400 
NA/SP, BC NA/200/6,400 
NA/NTHI NA/200/NA 
NA/NTHI NA/100/NA 
NA/NTHI NA/1,600/6,400 
NTHI/NA 100/NA/NA 
NA/NTHI NA/1,600/6,400 
NA/NTHI NA/1,600/NA 
NA/NG NA/100/12,800 
NTHI/NA 1,600/NA/NA 
NG/NA 100/NA/6,400 
NTHI/NG 6,400/1,600/NA 
HI/NA 1,600/NA/12,800 


NTHI — nontypeable Hemophilus influenzae, NG — no growth, NA — not available, SP — Streptococcus pneumoniae, BC — Branhamella catar- 


rhalis, EI — Hemophilus influenzae type b. 


36 Faden et al, Immune Response to Hemophilus influenzae 


to rise, and reaches adult levels at 4 years of age. 
This pattern suggests that the antibody measured by 
the current assay is mostly IgG. The level of specific 
antibody in the middle ear fluid appears to reflect 
prior exposure to the organism. Children with a his- 
tory of multiple ear infections have the highest titers 
of specific antibody in middle ear fluid, while chil- 
dren with a history of one or two episodes have little 
or no measurable antibody. The levels of antibody 
within the middle ear, unlike antibody in the se- 
rum, are not maintained and begin to decline be- 
tween episodes of infection. At this time, it is un- 
clear whether recurrent episodes of otitis media due 
to NTHI represent different strains or the same or- 
ganism. If the episodes were due to infections with 
the same organism, then humoral immunity would 


definitely not be protective. Barenkamp et al* have 
suggested that recurrent episodes of OME within 30 
days represent relapses caused by the same organ- 
ism, while recurrences beyond 30 days represent in- 
fections with different strains of NTHI. Bacterial 
antibody to an infecting strain of NTHI is rarely 
present at the start of the infection and appears typ- 
ically during convalescence.? This suggests that sys- 
temic immunity is protective. Animal model data 
also suggest the concept that serum antibody pro- 
tects the middle ear against infection with specific 
strains of NTHI.? Longitudinal studies of the im- 
mune response in the middle ears of children with 
otitis media are needed, along with isotypic anti- 
body analysis, in order to assess the role of antibody 
in protection. 
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INTRODUCTION 


Otitis media (OM) is the most common illness for which children receive medical care in the United States. In the 
pediatric population, it is second only to well infant and well child care as the reason for office visits.' In Boston, a recent 
survey of more than 17,000 office visits during the first year of life revealed that OM was the diagnosis in approxim ately one 
third of all visits due to illness and in one fifth of all routine office visits.? Of the estimated 120 million prescriptions written 
for oral antimicrobial agents each year in the United States, over 25% are for the treatment of OM.* Myringotomy with in- 
sertion of tympanostomy tube(s) (M & T) is the most common minor surgical procedure performed in children for which 
general anesthesia is required. Tonsillectomy and adenoidectomy (T & A) is the most common major surgical procedure in 
children to prevent OM. These procedures, along with the estimated 30 million office visits per year, result in expenditures 
of about $1 billion annually.* 


Most families have direct experience with this disease, because it affects 85% of children at least once. The effect on 
the child and family during an acute episode with pain and fever is obvious; however, there are other important effects, 
such as hearing loss and its effects on communication, which may be subtle and affect the quality of life. Indeed, the life- 
threatening intracranial suppurative complications of OM are relatively uncommon today; however, the complications 
and sequelae that occur within the middle ear (ME) and adjacent structures, such as cholesteatoma, are still prevalent and 
should be prevented. 


In spite of the prevalence of OM, there remain wide gaps in our knowledge regarding the cause, pathogenesis, 
management, and prevention of the disease. In addition, there is a lack of sufficient knowledge of the anatomy and 
physiology of the eustachian tube (ET)-ME system as it relates to OM. 


Otitis media is a condition that can affect a person's ability to communicate and therefore meets the criteria of a 
disease that may be studied in one of the Clinical Otolaryngologic Research Centers of the National Institutes of Health 
(NIH)/National Institute of Neurological and Communicative Disorders and Stroke (NINCDS).* The objective of these 
Centers is to provide support for a cohesive program of research through systematic development and evaluation of effec- 
tive methods of prevention, intervention, and amelioration of this communicative disorder. 


The concept of the Pittsburgh Otitis Media Research Center (OMRC) at the University of Pittsburgh School of 
Medicine, headquartered at Children's Hospital of Pittsburgh, has evolved over a period of several years. In the 1970s we, 
along with our colleagues, initiated studies addressing several aspects of OM. It became apparent that a nucleus of profes- 
sionals was available whose central goal could be the development of a critical mass of clinicians and applied and basic 
scientists who could concentrate their energies on this disease, which is a highly prevalent and important public health 
problem. 


In the fall of 1980, this collaboration was formalized when the NINCDS funded the Pittsburgh OMRC. The Pitts- 
burgh OMRC encourages the scientist to interact with the clinician in both an informal and formal manner. This enables 
the establishment of a line of communication between them so that the scientist addresses practical issues and the clinician 
can apply the latest biomedical research techniques. This organization has developed appropriate support personnel to aid 
in the clinical and laboretory studies. The grant was renewed in 1985 and will continue to 1990. 


At present, the OMRC is focused into six clinical trials and six laboratory/clinical studies in humans and animals. The 
clinical trials are designed to determine the most effective method of management/prevention of acute and recurrent acute 
OM and otitis media with effusion (OME) in infants and children. To date, almost 3,000 subjects have been entered into 
the clinical trials. 


CLINICAL TRIALS 


Since the OMRC was developed at Children's Hospital of Pittsburgh and the University of Pittsburgh School of 
Medicine, we have approached OM both from the disease state/stage and from each of the nonsurgical and surgical 
methods of treatment/prevention. Table 19? shows that in 1973 we started our first tonsillectomy and adenoidectomy 
(T & А-1) clinical trial, which tested the efficacy of adenoidectomy for children who had had tympanostomy tubes inserted 
previously and then developed recurrence of OME following spontaneous extubation. The question of efficacy of T & A 
continued to be addressed in the OMRC T & A-II study, which was initiated in 1980 and will be completed in 1990. We 
have chosen these management options because we believe them to be important clinical research questions. 


From the aspect of the disease, we have chosen to separate OM into the states/stages confronting the clinician, since the 
research questions being answered should provide better and more rational treatment for the patient. Related to acute OM, 
we have determined that amoxicillin is more effective than placebo for treatment and that myringotomy does not provide 
any long-term advantage over amoxicillin alone.* We are now studying the efficacy of 20-day antimicrobial therapy versus 
the standard 10-day amoxicillin treatment to determine if the duration of persistent OME can be reduced (and possibly the 
recurrence rate of acute OM). We completed our clinical trial of the efficacy of a daily dose of prophylactic amoxicillin 
compared to placebo (and M & T) for recurrent acute OM on Jan 1, 1988. 


How should relatively “asymptomatic” OME be managed by the clinician? The first clinical trial in which we ad- 
dressed the question was the Decongestant and Antihistamine Study, which revealed lack of efficacy.? In 1981 we began the 
Antibiotic for Otitis Media With Effusion Trial, which showed efficacy of amoxicillin; but approximately 70% of the sub- 
jects had persistent OME and the recurrence rate was high.'' Therefore, we initiated the Antibiotic for Otitis Media With 
Effusion II Trial, which is similar in design to the other two trials, but we have added two other antimicrobial treatment 
arms, cefaclor and erythromycin-sulfisoxazole. Since our data revealed that the recurrence rate of OME is 50% following 
amoxicillin treatment, we were awarded supplemental funds to conduct a clinical trial to determine the efficacy of amox- 
icillin prophylaxis for prevention of recurrent OME to begin Dec 1, 1987. We are completing our trial of myringotomy 
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Antimicrobial 


рос (п = 642) (Oct 1, 
980 to Aug 1, 1985) 


Amoxicillin prophylaxis vs 
tympanostomy tubes vs pla- 
cebo (n- 264) (March 1, 
1981 to Dec 1, 1987) 


20- vs 10-d amoxicillin for 
acute OM (n = 435) (Dec 1, 
1987 to Nov 30, 1990) 


Amoxicillin vs amoxicillin 
and decongestant-antihis- 
tamine vs placebo (n = 518) 
(July 1, 1981 to June 1, 
1984) 


Amoxicillin vs Pediazole vs 
Ceclor vs гасеро (п = 460) 
(June 1, 1984 to Dec 31, 


S MEDIA RESEARCH CENTER CLINICAL TRIALS 1980-1990 


TABLE 1. OTITI 
Myringotomy and 


Decongestant/ 


Decongestant-anti- 
histamine vs place- 
bo* (n-611) (July 
1, 1978 to June 30, 
1981)* 


otomy vs placebo 
же antimicrobial 
agents) 


Tympanostomy 


Amoxicillin prophy- 
laxis vs tympanos- 
tomy tubes vs place- 

(see antimicrobial 
agents) 


Myringotomy vs 

M & T vs no surger 
I (n=91) (July I, 
1979 to June 1, 1984) 


3rd symposium on 
otitis media, 1984’ 
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Tonsillectomy/ 


Agents Antihistamine Myringotomy Tubes Adenoidectomy 
Acute ot or ag Шу УЛЫ УЧ vs Not studied Amoxicillin/myrin- 


Т & А-1: adenoid- 
ectomy with prior 
tubes* (n = 1,512) 
(June 29, 1973 to 
March 31, 1981)* 


aC EL Lulli n ЕСЕР etu dM с NM 


T & A-II: adenoid- 
dectomy/tonsillecto- 
my vs control (n= 
441) (Sept 30, 1980 
to Nov 30, 1990) 


Adenoidectomy/eu- 
stachian tube func- 
tion* (п = 330) (Oct 


1987) 


Amoxicillin vs Augmentin* 
(п = 108) (Jan 1, 1984 to 
May 31, 1985): 


Amoxicillin prophylaxis vs 
p for recurrent OME 
(п = 220) (Dec 1, 1987 to 
Nov 30, 1990) 


*Not OMRC funded. 


with and without tympanostomy tube insertion for chronic OME (unresponsive to amoxicillin treatment); tube insertion 
does provide children with less morbidity, but perforation of the tympanic membrane is a complication. !2 


1, 1984 to June 30, 
1988) (Maternal & 
Child Health/Dept 
of Health and Hu- 
man Services) 


II (Nov 1, 1981 to 
July 1, 1987) (n- 
103) 


We believe our strategy has been a logical succession of clinical trials designed to answer the important questions fac- 
ing clinicians who provide health care for infants and children who develop OM. 


LABORATORY AND CLINICAL STUDIES 


The laboratory studies consist of four basic science projects that use animal models, autopsy materials, or effusion 
specimens as their material. These projects include 1) study of the developmental anatomy of the ET and ME using both 
conventional histologic and computer imaging techniques; 2) histopathologic study of the ET, ME, and inner ear in 
specimens collected at autopsy from patients with ME disease and OM, or who are members of populations determined to 
be “at risk” for the development of the disease (eg, cleft palate); and 3) study of the biochemical constitutents of ME effu- 
sions (MEFs) collected from both patients and experimental animals with OME. A fourth laboratory study was designed to 
determine the effects of a severe conductive hearing loss caused by excision of the external ear canal on the maturation of 
the developing auditory system in a rhesus monkey model. 


Two cinical studies are in progress: 1) the determination of a possible genetic component in OME by comparing the 
concordanee rate of OME and the consequences of OME on the auditory pathway in twins prospectively followed from 
birth, and 2) the assessment of the normal development of infant auditory sensitivity and speech discrimination and the ef- 
fects of OME on these functions. 


OTHER RESEARCH ACTIVITIES 
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research design. Thus, as each clinical question is answered, we can move on the next one in an orderly manner. The basic 
scientists use a similar format to answer questions regarding anatomy, physiology, and pathophysiology by using tech- 
niques that are not applicable to clinical trials but that have a bearing on them. 


The ultimate goal of clinical research is to improve health care and reduce human discomfort by the most effective 
methods. We feel our program, along with those of other research centers, will accomplish these goals. 


The purpose of this report is to compile in one source the results of the progress of this research center since the previous 
publication in 1983,'° so that otolaryngologists and other interested health care personnel will have access to reports that 
may be published in the literature of other disciplines. This report brings together material in précis form that represents 
work in progress, methodology that may not be otherwise available, and summaries of previous publications. (Funding for 
the studies described in this report has been provided by a grant from the NINCDS [NS 16337], unless otherwise noted.) It is 
our hope that information provided here will benefit the clinician who is responsible for treatment of patients who have 
OM, and that it will aid other investigators who are involved in OM research. As more information becomes available from 
the activities of the Pittsburgh Center, other progress reports will be published. 
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TRAINING 


SYLVAN E. STOOL, MD 


A major goal of the OMRC is not only to investigate OM, but to provide training opportunities for professionals to 
learn how to investigate this condition. We have initiated a formal training program at the postresidency level and also 
have a number of residents who developed special projects in conjunction with the OMRC. It is also important to use the 
faculty, facilties, and other resources available at this Center in other settings. We have, therefore, used the methods for 


RESEARCH TRAINING IN PEDIATRIC OTOLARYNGOLOGY 


SYLVAN E. STOOL, MD 


Supported by NIH grant NS 07270. 


The Depa:tment of Pediatric Otolaryngology at Chil- research that could be used throughout their careers. 
dren's Hospital of Pittsburgh has provided training at the 
fellowship level for the past 11 years. The initial trainees 
were at the isstitution for 1 year, and the division of their 


Trainees were recruited by appropriate notices in jour- 
nals and organizations and were screened by a selection 


"se committee to determine those most suitable for appoint- 
effort was 8#% clinical and 20% research. After a few ment who would show promise in pursuing a career in 


years, it beceme evident that it would be desirable to in- research in otolaryngology. The facilities included the 


P: the sining ор portunities to provide ow d OMRC, a setting for clinical studies, and a laboratory for 
perience in research. An application was submitted for a basic research and animal studies 


National Research Service Award to provide an additional 


year during which the trainees would spend 80% of their The appointment of the first two fellows Was accom- 
time in research. This would dovetail with the previous plished in 1985. Both of them have acquired skills in clini- 
year. The gozl of this program is to train fellows to assume cal management, teaching, and especially research. They 
the responsib lities of academic pediatric otolaryngologists have submitted independent research proposals and publi- 
who could use as their role models the clinical investi- cations. An application was submitted to the NIH by one 
gators and scientists of the OMRC. The specific goals of of the fellows as a career investigator and was approved. 
the program are for the trainees to develop skills in The subsequent graduates of this program have accepted 
organization performance, and laboratory and clinical appointments at major teaching ‘institutions. 


FEDERATED STATES OF MICRONESIA OTITIS MEDIA TRAINING PROJECT 
GREGORY DEVER, MD; SYLVAN Е. STOOL, MD 


Supported in part by the Micronesia Otitis Media Training Project grant MCH-009073-01-0. 


Japan 


United States 





6302 ex. 
; |‚ : , неа ie __---Г° Hawaii 

Fig 1. Location of Micronesia relative to United D scie 9 cS 
States and Asa. M s [= pa Б: 

j | ! 
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Micronesia is a developing area with a sparse popula- scattered over a Pacific expanse equal to that of the con- 


tion of аБовё 125,000 people who live on small islands tinental United States (Fig 1). 
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Micronesia 
Otitis Media 


Training Project Manual 





Fig 2. Training manual developed for instruction in Micro- 
nesia. 


Otitis media is one of the most frequent disorders affec- 
ting children in this region, which is characterized by vast 
distances and health care that is variable and at time 
episodic. In March 1985, a project was initiated in 
Pohnpei to train medical personnel consisting of medical 
officers, medics, public health nurses, and audiometrists 
in current preventive medical and surgical techniques and 
screening and diagnosis as well as treatment of OM. The 
format of this project was to present didactic sessions 
followed by hands-on training and screening of a represen- 


tative population. This initial program was felt to be very 
successful, and subsequently a grant was funded by the 
Bureau of Maternal апа Child Health/Department of 
Health and Human Services to continue this project 
throughout other states in the American Trust Territory of 
the Pacific Islands. 


Techniques used for instruction include lectures, films, 
and video tapes. А training project manual has been 
developed (Fig 2), and special video tapes have been pro- 
duced that may be used throughout the islands and are 
specific for the geographic areas involved. The project has 
completed five training programs in Pohnpei, Yap, Belau, 
and Kosrae. Future projects are planned for Truk, the 
Marshall Islands, and the commonwealth of the Northern 
Marianas Islands. The project team works in close con- 
junction with the staff of the Pacific Basin Maternal and 
Child Health Resource Center, Micronesia Head Start, 
and the local school and special education systems. 


The program is administered through the Department 
of Pediatrics of the John A. Burns School of Medicine and 
is based at the Pacific Basin Medical Officer Training Pro- 
gram in Pohnpei State of the Federated States of Micro- 
nesia. Additionally, major technical support comes from 
the Department of Pediatric Otolaryngology at the Uni- 
versity of Pittsburgh School of Medicine. The senior staff 
and two of the pediatric otolaryngology fellows have par- 
ticipated. Training staff also includes health professionals 
from the Republics of Belau and the Marshall Islands, Yap 
and Pohnpei States of the Federated States of Micronesia, 
and Guam. 


As a result of funding through the Bureau of Maternal 
and Child Health/Department of Health and Human Ser- 
vices, the project has screened over 2,500 Micronesian 
children and adults, performed 100 surgical procedures in 
training three medical officers in appropriate surgical 
techniques, and trained 59 primary health care workers. 
Additionally, the project has identified up to seven trainee 
instructors who will continue the program on their respec- 
tive islands beyond the life of the 3-year grant. 


ACKNOWLEDGMENTS — Karl Storz and Endeco Medical have provided instruments that have been of value in diagnosis and training. Pacific Missionary 


Aviation has provided some interisland transportation. 


BIOSTATISTICS 


OVERVIEW OF BIOSTATISTICAL METHODS 


HOWARD E. AOCKETTE, PHD 


Clinical tricls are an important research tool for 
evaluating corapeting methods of management for pa- 
tients with disease, and many of the statistical issues that 
relate to clinical trials for patients with OM are part of 
general clinica trials methodology. Specifically, the lack 
of statistical pewer in small trials, the increased expecta- 
tion of a false rejection when multiple comparisons are 
made, problenes in definition of disease, differing methods 
of diagnosis, aad definition of end points are all problems 
that have beer addressed as specific to OM,' but they are 
not unique to studies of OM and occur when evaluating 
treatment regimens for other diseases. 


However, aaalysis of the trials of the OMRC has high- 
lighted two problems that are specific to the investigation 
of OM. First, he diagnosis of OM is made by ascertaining 
the status in two ears of each child. Measurements in the 
two ears of the same child are correlated, and tests com- 
paring the prcportion of ears cured in two groups are in- 
correct unless this correlation is taken into account. This 
problem has also been identified by other investigators?” 
in the related ield of ophthalmology. А comparison of in- 
correct analys based on proportion of “ears” cured rather 
than proportien of children cured is summarized in Table 
2. Fifty patieats have been randomized to each of two 
treatment groups and the significance levels (“р values") 
are compared for given observed differences in the percen- 
tage of children cured. We have assumed the same propor- 
tion of unilateral and bilateral disease at entry and the 
same correlaton in the outcome of two ears as was ob- 
served in one »f our large randomized trials.* The analysis 
based on “ears” has lower significance levels and possibly 
would result m an unjustified acceptance of a new thera- 
peutic regimen. 


This problem could be addressed using more sophisti- 
cated techniques of analyzing correlated measurements 
that come шег the general heading of “repeated mea- 
sures procedures.” Essentially, such procedures consider 
the outcome n the two ears to be a bivariate observation 
and compare -he pattern of paired observations in various 
treatment grcups. Extensions of standard logistic regres- 
sion that incerporate repeated measures have been pro- 
posed by Rosner’ and are directly applicable to analysis of 
OM data. ТЬе mathematic models are more efficient in 
that they use all the actual data rather than summarizing 
the two ear measurements to obtain an outcome measure- 
ment for the -hild, but it is still undetermined to what ex- 
tent this gain n efficiency detects differences that are clini- 
cally relevant. 


A second poblem that occurs when interpreting clinical 
trials іп OM s that many outcomes of interest to the clini- 
cian are conditional on what happened previously in the 
trial. Thus, »ccurrence of acute OM, recurrence of dis- 
ease, and duzation of initial disease are all of interest to the 
investigator, but these outcomes are all interdependent. In 
some studies -he investigator will “drop out" patients with 
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TABLE 2. COMPARISON OF SIGNIFICANCE LEVELS FOR 
ANALYSIS BY CHILD AND ANALYSIS BY EARS 


Observed Significance Levels 
Difference Children Ears 
on 65 41 
10% ‚38 11 
15% .13 012 
20% 06 001 
25 % 013 .0001 


an intervening occurrence of acute disease in a trial in- 
vestigating treatment of OME because he or she considers 
the disease to be different and, therefore, it must be 
managed differently. In this case the observed outcome is 
no longer OME, but OME conditional on observing no in- 
tervening acute OM. 


А second manifestation of this problem occurs when 
summarizing the effusion status of a cohort over time. 
When computing the proportion of children with effusion 
at each time point, should one use as a denominator all 
children who are evaluated at a time point to obtain the 
proportion effusion-free regardless of previous outcome, 
or does one exclude children who become effusion-free 
even if they have developed a new effusion? Both types of 
summary are clinically meaningful. The first method sum- 
marizes the observed status of a child in the study as a 
function of time since entry, and the second plots the dura- 
tion of the initial episode. However, the curves will differ. 
The second plot is monotonically decreasing and gives an 
underestimation of the actual status of a child at a future 
time point. Further ambiguity, may arise because the in- 
vestigator may exclude or include children who have an 
episode of acute disease. In interpretation of trials of OM 
that present results for multiple clinical questions, the in- 
terdependence of the outcomes must be recognized and de- 
cisions to exclude patients on the basis of previous clinical 
outcomes must be clearly stated if misinterpretations are 


to be avoided. 
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EPIDEMIOLOGY 


MARGARETHA L. CASSELBRANT, MD, PHD 


Otitis media with effusion is an extremely common childhood disease of worldwide significance. Information regard- 
ing the epidemiology of the disease from different countries will help us in understanding the causation that affects the in- 
cidence, prevalence, and natural history of OME. At the OMRC, two prospective longitudinal studies, one in preschool 
children and one in schoolchildren, have been completed. In these studies, the frequency of OME and also factors such as 
age, sex, and season that could be of etiologic importance were evaluated. In a third study, which is still in progress, the 
genetic component of OME is being examined prospectively by following twins for 3 years. This study will also provide the 
epidemiologic data in this younger population. The knowledge regarding incidence, prevalence, and natural history of 
OME defines the population at risk, but is also vital for designing future clinical and basic research studies. 


PROSPECTIVE TWIN STUDY OF OTITIS MEDIA 


MARGARETHA L. CASSELBRANT, MD, PHD; WENDY L. GOLDEN, PHD; WILLIAM J. DOYLE, PHD; 
HOWARD E. ROCKETTE, PHD; MARK W. STEELE, MD 


Supported in part by a grant from the Health Research and Services Foundation, The United Way of Pittsburgh, and the Human Rights 
Committee of Children's Hospital of Pittsburgh. 


Anatomic, physiologic, and epidemiologic studies of Eighty-two twin pairs have been enrolled into the 
OME suggest a significant heritable component, but a ge- study, which also includes the twin pairs in the pilot study. 
netic predispostion to OME has not been studied syste- No meaningful analysis can be performed at this time, as 
matically. The study underway is designed to provide an not all twin pairs have had their zygosity testing, which 
estimate of the heritability of OME using a twin method- forms the basis for analysis. 


ology. А comparison of the concordance rate for OME in 


monozygotic and dizygotic twins will form the basis of the Using the twin methodology should allow us to control 


for major environmental factors and to differentiate the 


analysis. genetic from the environmental contribution. Should a 

Same-sex twin pairs are enrolled into the study as new- substantial genetic component be defined, this project will 
borns and for 3 years are followed monthly or whenever make a significant clinical contribution by influencing the 
an ear, nose, and throat disease intervenes. At each visit, primary care physician to identify the siblings and off- 
the twins receive an ear, nose, and throat examination and spring of affected patients as "high risk" cases. Closer 
an interval history is taken. After they are 6 months of age, surveillance of patients at risk for OME could result in 
tympanometry and acotstic reflex measurements are per- earlier detection, treatment, and avoidance of possible 
formed. Hearing will be assessed with behavioral audi- developmental problems. The data will also provide the 
ometry every 3 months, and auditory brain stem response incidence, prevalence, and natural history of OME in this 
(ABR) testing is performed at birth and 24 months of age. young population. The ABR data will provide a unique 
Auditory brain stem response testing is also performed on and heretofore undefined perspective of the maturation of 
a subset of 20 twins at 2, 6, and 12 months of age. Zygosity the response of the eighth cranial nerve and brain stem 
testing is performed at 12 months of age. This will consist auditory pathway. These data will also provide valuable 
of extensive red blood cell marker and enzyme determina- insight into the consequences of recurrent or persistent 
tions and will give a probability of greater than 0.99 for OME on the integrity of the auditory pathway in the de- 
monozygosity in completely concordant pairs. veloping infant. 


OTITIS MEDIA IN CHILDREN IN THE UNITED STATES 


MARGARETHA L. CASSELBRANT, MD, PHD; LEON M. BROSTOFF, MD; ERDEM I. CANTEKIN, PHD; 
VICTORIA M. CARRIGAN, MS; CHARLES D. BLUESTONE, MD 


Supported by the Pennsylvania Lions Hearing Research Foundation and the Human Rights Committee of Children's Hospital of Pitts- 
burgh. 


This report appears in complete form in Proceedings of the International Conference on Acute and Secretory Otitis Media, Amsterdam: 
Kugler Publications, 1986:161-4. 


Recently, we reported the first prospective longitudinal conducted in order to extend these findings to a school-age 
study of the epidemiology of OME in the United States.' population. We studied the occurrence of OME in school- 
In a group of 2- to 5-year-old preschool children in Ve- children 5 to 12 years of age who were students at a pri- 
rona, Pennsylvania, a suburb of Pittsburgh, we docu- vate school (the Falk School) in Pittsburgh. From Septem- 
mented the incidence, prevalence, and natural history of ber 1984 through June 1985, we evaluated the ME status 
OM and high negative ME pressure (HNP) by monthly ob- of these children at monthly intervals in the same way as 
servations over a 2-year period. The present study was in the preschool children. The ME status was assessed us- 
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ing a decision tree algorithm that combines the indepen- 
dent findings »f pneumatic otoscopy, tympanometry, and 
stapedius refl-x measurements. The child was classified 
according to the status of the worse ear into one of three 
categories: narmal, HNP, or OME. The findings of the 
year's observations regarding the epidemiology of OME 
and HNP in hese schoolchildren will be presented and 
contrasted wi h previous observations in the preschoolers 
to describe th= incidence, prevalence, and natural history 
of OME in the United States for children between 2 and 12 
years of age. 


The cumubtive incidence of OME was 22% in the 
schoolchildrer , while in the preschool children it was 53 % 
during the fist year and 61% during the second year of 
the study. Tae prevalence of OME showed a seasonal 
variation, with the highest prevalence during the winter 
months. These was also a strong association of upper 
respiratory tract infections and OM in both groups. 


An arbitrary scoring system was used in order to sum- 
marize the child’s experience with OME and HNP over a 
l-year perioc Based on the status of the worse ear at a 
given visit, a core was calculated for each child, and visit 
scores were summed to determine the total score. For each 
visit, the range of possible scores was 0 to 2 (0 = normal, 
1 = HNP, anc 2= OME), and for the total score based on a 
maximum of aine visits, the score range was 0 to 18. The 
total score fcr the year was then adjusted (normalized 
score) to reflect the number of observations for each child 
and make the score comparable to those in the Verona 


study; that is, the total score was divided by the number of 
actual visits and multiplied by 12. 


Using this system, it was shown that 62% of the Falk 
School children had all normal observations during the 
9-month period, while only 23% of the Verona preschool 
children had consistently normal ears during the study 
period. About 20% of the Falk School children and 30% 
of the preschool children had scores between 1 and 4, sug- 
gesting that they had only a few months of either OME or 
HNP or both. 


Because incidence and prevalence of OME have been 
reported to be age-dependent, we investigated the rela- 
tionship between the different age groups and the mean 
normalized score. Six years of age seems to be a critical 
time, at which the average score decreased by a factor of 
2. Interestingly, the two different groups of 5-year-old 
students in the Verona and Falk schools had very similar 
scores (5.6 and 5.4). The abrupt change in the normalized 
score at 6 years of age needs to be investigated in a larger 
cohort in order to confirm this decrease in prevalence. 
Then it may be possible to correlate the epidemiology of 
OME and the maturation of the child's ME-ET system as 
manifested by anatomic changes or increased resistance to 
infection associated with growth and development. 
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ANATOMY AND PHYSIOLOGY 


STEWART R. ROOD, PHD 


Reports on the anatomy and physiology of the nasopharynx-ET-ME system have appeared in the medical literature for 
many years. One would think, therefore, that there is nothing else to report in this area. However, succeeding investigators 
have found that questions on the morphology and function of the system remain unanswered. Thus, the compelling need 
for further study of the ET as it is related to its normal function and its role in the pathogenesis of ME disease remains un- 
questioned. 


The following presentation on the fetal development of the tube presents descriptive and quantitative data on several 
tubal and paratubal elements. Development proceeds from an anterior-medial origin, moving posteriorly and laterally. In 
addition, the neonatal ET is very similar to that of the adult. The next presentation discusses data on the adult ET, eg, the 
relationship of the cartilage to the cranial base, the relationship of the paratubal musculature to the cartilaginous tube, and 
the concentration gradients of the mucoserous and adipose tissues. The third anatomic investigation employs computer 
reconstruction and analysis techniques to describe the shape of the cartilage in three groups of specimens, ie, from subjects 
less than 6 years of age, more than 6 years of age, and with cleft palate and Down syndrome. Differences in cartilage shape 
were found among the three groups. These descriptions of the structure and their relationships represent the anatomic basis 
on which theories of ET function (ETF) can be proposed. 

A work on ET physiology presents findings that, similar to the well-known nasal mucosal cycle, the tubal mucosa also 
experiences autonomically modulated cyclic changes. The next two studies are concerned with the effects of changes in 
systemic and localized gas concentrations on gas exchange in the ME. The last investigation reports on the animal model 
phase in the development of an objective test to evaluate the possible presence of a perilymphatic fistula. The need for such 
a test is self-evident to clinicians, whose decisions to intervene in such patients must be based on more objective data than 
are presently available. 


The results of the studies presented here are part of the ongoing attempt of the OMRC to define the various elements 
interactive in the development and management of ME disease. 


FETAL DEVELOPMENT OF THE AUDITORY TUBE 


J. DouGLAS SWARTS; STEWART R. ROOD, PHD 


This report appears in complete form in Cleft Palate J 1986;23:289-311. 
Presented at the meeting of the American Cleft Palate Association, Miami, May 12-16, 1985. 


The purpose of this study was to describe the sequence The glandular elements steadily increase in quantity from 
of differentiation and the ontogenetic changes in the 12 weeks to term. They proliferate from the area of the 
prenatal ET. This included both a qualitative and a quan- nasopharyngeal wall, laterally to the area between the 
titative assessment of development. Twenty anatomically lumen and TVP muscle, and posteriorly toward the os- 
normal specimens ranging in age from 8 to 36 weeks seous portion of the tube. 


menstrual age were obtained from the collection of the 
Pittsburgh Cleft Palate Center. Each specimen was em- 
bedded in celloidin and sectioned at 20 to 30 дт. Every 
tenth section was stained in hematoxylin and eosin and 
mounted on a glass slide. The qualitative data for this 
study were obtained by light microscopy and consisted of 
information on the first appearance of a structure or its 
degree of development. A tracing of each section was 
made using a camera lucida for the smaller specimens or а 
photographic enlarger for the larger ones. Linear and 


Metric changes in the tube and the relationships of the 
various components also occur. The tube lengthens pri- 
marily in the cartilaginous portion between 16 and 28 
weeks menstrual age. During this period the ET is grow- 
ing faster than other measures of body size, such as crown- 
rump length and nasion-sella length. Lumen height, on 
the other hand, increases isometrically with changes in 
body size, resulting in a cylindrical configuration at birth. 
Changes in the paratubal musculature include 1) a de- 
crease in the angle between the lumen and the TVP mus- 


angular measurements were obtained from these tracings cle, 2) a retention of a constant distance between the lu- 
using а Graph Pen Sonic Digitizer interfaced with an men and the LVP muscle, and 3) an increase in the dis- 
ween y idein d vic анч E were calcu- tance between the lumen and the tensor tympani muscle 
am these results when there was a large enough sam- when standardized to body size. 
А These observations lead to several generalizations con- 
Based on this analysis, the order of differentiation of the cerning ET development and the resulting perinatal con- 
ET components is as follows: epithelium of the lumen, the figuration. First, the ontogeny of the ET structure follows 
tensor veli palatini (TVP) and levator veli palatini (ГУР) a gradient from an anterior medial origin, posterior and 
muscles, the tensor tympani muscle, and the tubal car- laterally. Second, the neonatal ET is in many ways very 
tilage. The tubal cartilage originates medial to the lumen similar to the adult's (cartilage structure, muscle relation- 
as a diffuse grouping of cells that proliferates posteriorly ships, and distribution of glands). It is distinct, however, 
and laterally. The delineation of the cartilage by a in its possession of a lumen that retains a constant height 
perichondrium also follows this pattern of development. throughout its length. 


14 
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ADULT ZUSTACHIAN TUBE MORPHOLOGY: “NORMAL” ANATOMY 


AND VARIATION 


J. DOUGLAS SWARTS; STEWART К. Roop, PHD 


The purpese of this study is to describe the normal adult 
ET anatomy and its variability. It focuses on the morphol- 
ogy of the ET components and the relationships among 
them. Fifteen specimens from subjects ranging in age from 
18 to 81 years were collected at autopsy." ? Specimens were 
decalcified and embedded in celloidin. Subsequently, each 
specimen veas sectioned at 25 шт and stained with 
hematoxylir and eosin. The data used in the analysis con- 
sisted of qualitative information obtained from an ex- 
amination оғ the sections with light microscopy and metric 
measuremerts obtained from tracings of the slides. The 
tracings wee produced by projecting each slide with a 
photographic enlarger. The measurements were taken 
from the tracings with a Graph Pen Sonic Digitizer inter- 
faced with an Olivetti microcomputer. 


Based on these observations, the following characteriza- 
tions of the ET components can be made. As previously 


with the angle between the great wing of the sphenoid and 
the Frankfcrt horizontal (23° + 7.7°) describes the inclina- 
tion of the tube with respect to the ME. The lumen, in 
projection, is 2.5+0.49 em long, corresponding to an ac- 
tual length-of 3.4+0.62 cm. 


The tukal cartilage possesses the classic “shepherd’s 
crook” соп iguration. Posterior from the medial pterygoid 
plate, the medial lamina of the cartilage rapidly increases 
in height tw 1.28+0.26 cm. It then decreases in height to 
approximarely 1+ 0.1 cm, which is maintained to the apex 
of the petrasal bone. Just anterior to the isthmus, the car- 
tilage deve-ops a lateral inferior extension that interposes 
itself between the lumen and the LVP muscle. The carti- 
lage is bound tightly to the cranial base anteriorly, at the 
medial pte-ygoic, and posteriorly at its junction with the 
apex of the petrosal bone. Between these two areas it is on- 
ly loosely attached to the cranial base by a band of col- 
lagenous tissue. 


The hignest density of glandular tissue is found in the 
nasopharyngeal region. These high concentrations are 
primarily media! and inferior to the medial lamina of the 
cartilage. The density of mucoserous glands decreases 
posteriorly. This gradient also pertains to the percentage 
of mucoserous glands in the lateral membranous wall. 
Generally as the concentration of mucoserous glands 
decreases, the concentration of adipose tissue increases. 
Anteriorly, adipose tissue is found lateral to the TVP and 


superior to the cartilage. Posteriorly, it is restricted to the 
lateral membranous wall and the areas lateral to the TVP 
muscle. 


The lateral membranous wall appears to be composed 
of a collagenous tissue envelope that contains mucoserous 
tissue anteriorly and adipose tissue posteriorly. There is lit- 
tle if any evidence of connective tissue bridges between the 
sides of this envelope. The envelope is anchored superiorly 
to the lateral lamina of the cartilage. Inferiorly, it blends 
into the connective tissue associated with the tubal car- 
tilage and surrounding structures. 


Anteriorly, the TVP muscle is attached to the cranial 
base superior to the cartilage. Posteriorly, it is attached to 
the lateral lamina of the cartilage and the lateral mem- 
branous wall. It forms an angle of 35? + 10? to the long 
axis of the medial lamina of the cartilage for about 50% of 
the tubal length. Posteriorly, this angle decreases as the 
TVP muscle disappears. 


The distance between the LVP muscle and the lumen 
remains essentially constant at 1 mm; it does, however, 
reach 1.5 mm at 40% of the tubal length. The superior 
border of the LVP muscle, therefore, forms a 40° angle 
with the cranial base. This course parallels the inferior 
border of the tubal cartilage, except in the area of the 
maximal cartilage height, where it lies lateral to the car- 
tilage. The maximum cross-sectional areas of this muscle 
occur at approximately 40% of the tubal length. 


On the basis of this analysis it appears that 1) the car- 
tilage may be mobile in its m?ddle region, 2) the attach- 
ment of the TVP is to the cranial base superior to the car- 
tilage, and to the lateral membranous wall and the lateral 
lamina of the cartilage, 3) the LVP parallels the inferior 
border of the lumen and can interact with the cartilage 
only in the area of the maximum height of the medial 
lamina, and 4) mucoserous and adipose tissue have con- 
centration gradients that run in opposite directions. These 
structural relationships represent the anatomic foundation 
upon which explanations of ET function can be devel- 


oped. 


REFERENCES 


1. Rood SR, Doyle WJ. An extreme morphological variation 
of the auditory tube cartilage: a case report. Cleft Palate J 
1981;18:293.8. 


PHYSIOLOGIC MODULATION OF EUSTACHIAN TUBE F UNCTION 


JACQUEs E. LECLERC, MD; WILLIAM J. DOYLE, PHD; WILLIAM KARNAVAS, MSEE 


The effect of changing body position on the ET opening 
time (TOT) anc nasal conductance (NC) was investigated 
in five subjects. Eustachian tube function was evaluated 
by mean: of a sonotubometric technique, and NC was 


determined by anterior or posterior rhinomanometry. The 
results showed that both the TOT and NC were decreased 
by changing the body position from erect to recumbent. 
On a different day, ETF and rhinomanometry tests were 
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repeated every 30 minutes over a 5- to 7-hour period. The 
results documented a nasal cycle in all subjects. Moreover, 
TOT tracked the ipsilateral NC in three subjects and the 
contralateral NC in two subjects. Since TOT measures 


mucosal venous congestion, these findings suggest that the 
tubal mucosa also experiences autonomically modulated 
cyclic fluctuations. 


ASPECT RATIO AS A DESCRIPTOR OF EUSTACHIAN TUBE 


CARTILAGE SHAPE 


MICHAEL I. SIEGEL, PHD; ERDEM I. CANTEKIN, PHD; JOHN S. TODHUNTER, PHD; 


DEBORAH SADLER-KIMES, PHD 


In a number of recent publications," ? we discussed the 
progress made in the development of a technique for uti- 
lizing digital representations of histologic preparations for 
three-dimensional reconstruction of anatomic structures. 
A unique advantage of this technique for whole structure 
analysis was that it freed the investigator from the bias in- 
troduced by variations in orienting the cutting plane to a 
given arbitrary anatomic plane.‘ Progress has been made 
as well in the theoretic area of shape and surface recon- 
struction.^* This report presents some thoughts on the uti- 
lization of the digital data base of extended temporal bone 
specimens for shape analysis of some of the structures of 
the ET-ME complex. 


Structural volumes and areas per section are calculated 
automatically, but provide little information about shape 
in three-dimensional space. If the reconstructed structure 
is treated as if it were a true "solid," properties associated 
with the behavior of solids become descriptors of shape. 
Changes in shape along the course of the object can be 
documented also. 


The initial clinical impression was that age 6 or 7 years 
was a milestone, an important age for the spontaneous 
decrease in incidence of chronic OME. Before implement- 
ing our shape analysis protocol, we carried out some basic 
descriptive statistical analyses to enable us to verify the 
metric distinctiveness of groups for hypothesis testing. We 
suggest that when viewed in an evolutionary perspective, 
the ET cartilage represents a retained primitive structure, 
while the distinctive human muscle structure is evidence of 
a derived character state. Since cartilage is more stable de- 
velopmentally than muscle (higher heritability), the 
variability of measurements in cartilage size was used to 
establish the groups within our temporal bone sample. 
Various measurements of the cartilage were examined (eg, 
volume, maximum height above the central axis, length; 
Table 3), and rate of growth in length was found to be the 
best discriminator between two established groups («6 
and =7 years of age). Not only does the length of the car- 
tilage reach the lower limits of its adult range by 7 years of 
age, but the rate of increase seen in the early time period 
(0 to 6 years) disappears abruptly and becomes a horizon- 
tal line that describes the adult range of variation. When 
regression analysis is carried out on these data, the slopes 


(rate of growth) differ between the groups in a most vivid 
manner (Table 3). These two groups coincide with the 
clinical findings of an age-related decrease in the incidence 
of chronic OME.’ As the relationship between pathology 
and morphology is of prime interest, specimens from a 
"high risk" group (subjects with cleft palate and Down 
syndrome) were also analyzed. The rate of cartilage length 
development for these specimens was not apparently dif- 
ferent from the normal specimens of comparable age (Ta- 


ble 3). 


For our preliminary analysis of cartilage shape, speci- 
mens (п = 23) from the three groups were subjected to 
computer analysis and reconstruction. Bivariate graphic 
representations were plotted against section number for 
cartilage cross-sectional area of each section, the x and y 
coordinate of the cartilage center of gravity of each sec- 
tion, and the x and y coordinate of the second moment for 
each section. These second moment coordinates are repre- 
sentative of the force (actually energy) required to produce 
rotation about the center of gravity and thus are physi- 
cally related to the maximum and minimum axes through 
the center of gravity (object length and width) for the car- 
tilage in each section. The ratio of these coordinates 
(mx/my, or length/width) is called the aspect ratio and is 
the descriptor of shape explored here. The ratio (x100) for 
each section is plotted against the (normalized) section 
number (Fig 3). When normal and at-risk specimens of 
comparable age (<6 years) are compared, one striking 
finding is that in the 60% -plus region, the normal speci- 
mens demonstrate a low ratio (100 would be symmetric) 
and the "at risk" specimens evidence a long, narrow shape. 
As this relates to the known disease state, a thinner (along 
the inferior/superior axis) cartilage might be less able to 
resist muscle forces and thus might produce a less stable 
system. It is apparent that the "adult" sample shows a con- 
stant shape quite different from that of the group < 6 years 
of age, and it is interesting to note that the « 6 years of age 
"at risk" pattern is most similar to this adult pattern. The 
implication is that once the mature pattern is established, 
other aspects of the system (perhaps length) assure ade- 
quate tubal function. These other features would be lack- 
ing in the "at risk" young specimens. As new specimens are 
collected in the adult “at risk” category, comparisons will 
be made at the later age. 


TABLE 3. VARIOUS MEASUREMENTS OF EUSTACHIAN TUBE CARTILAGE 


Mean x Standard 
Deviation of Cartilage 


Subjects Height Above Centroid (cm) 
Normal, «6 yr of age 0.24 + 0.06 
At risk, <6 yr of age 0.24 + 0.08 
Normal, >7 yr of age 0.39 30.08 


Mean x Standard 
Deviation of Cartilage 
Volume (cm? x 10°?) 


Regression 
Equations* for Cartilage 
Length (um) Against Age (yr) 


9.72 7.9 y = 1,880x + 10,999 
8.82 5.0 y = 2,396x + 10,145 
28.1+14.2 y= 53x+ 16,588 


*Coefficient of x represents rate of growth. 
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Fig 3. Aspec ratios (x100) plotted against (normalized) section numbers for ET cartilages from subjects that were A) normal, «6 
years of age B) at risk, <6 years of age, and C) normal, >7 years of age. 
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SYSTEMS IDENTIFICATION APPROACH TO THE DETECTION OF 


FISTULAS IN THE VESTIBULAR SYSTEM 


CONRAD WALL III, PHD; MARGARETHA L. CASSELBRANT, MD, PHD; ERDEM I. CANTEKIN, PHD 


Supported by “he Whitaker Foundation. 


Presented at the Midwinter Research Meeting of the Association for Research in Otolaryngology, Clearwater Beach, Florida, Feb 1-5, 


1987. 


Otolaryngelogists and other clinicians see many patients 
whose clinical history and symptoms suggest that they 
may have a perilymphatic fistula. A history consistent 
with perilymohatic fistula includes barotrauma (from div- 
ing or flying , weight lifting, and head trauma, with the 
common syrrptoms of hearing loss and dizziness, which 
might be indaced by coughing, sneezing, bending over, or 
straining at sool. The diagnosis of a perilymphatic fistula 
is difficult, because there is no single test or test battery 
that will predict its presence. 


This study was undertaken to develop an objective test 
to detect a »erilymphatic fistula. The project has two 
phases: an arimal model phase (in progress) and a clinical 
one. Systems identification techniques are applied in both. 
During the frst phase, perilymphatic fistula of known lo- 
cation and size will be induced. Adult chinchillas were se- 
lected, because a surgical approach to the bony labyrinth 
and round aad oval windows can be made easily in this 
species throuzh one of the hollow bullae in the temporal 


bone. During the procedure to induce the fistula, a local 
anesthetic is used, since general anesthesia suppresses the 
vestibulo-ocular reflex. Vestibular function was tested 2 
days preoperatively by the ice water caloric method. The 
response to the induced fistula itself was evaluated by use 
of the system identification pressure test preoperatively 
and then immediately postoperatively. 


The apparatus is designed to deliver a controlled pres- 
sure stimulus to the external auditory canal under the 
command of the PDP 11/73 microcomputer. Both pseudo- 
random and sinusoidal signals of 25 cm H20 peak pressure 
are used. The computer also stores the digitized eye move- 
ment measured by electro-oculography. 


The response of the eye movement appears to depend 
upon the site of the fistula. For the bony labyrinth fistula, 
the eye movements tend to look like the integral of the 
pressure pulse. For the round and oval window fistula, the 
eye movements resemble the pressure pulse (Fig 4). Tests 
after the induction of the bony labyrinth fistula sometimes 
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produce a pitching head movement or a “whole body re- 
sponse" in addition to an eye movement. This response has 
not been noted in preoperative testing or for round or oval 
window fistula procedures. The eye movement response 
also depends upon the head position of the animal, with a 
larger response occurring when the ear with the fistula is 
down. 


Since this study uses a controlled animal model, it al- 
lows us to estimate the sensitivity and specificity of the 
technique before it is used clinically. While extrapolation 
across species may not be precise, the first phase of the pro- 
ject has provided a range of responses that will be useful 
when the performance of this technique is evaluated in 
clinical trials. 


«— Fig 4. Eye movement elicited in chinchilla with perilym- 


phatic fistulas at various locations. For each pair of traces, 
upper trace is horizontal eye position and lower trace is ex- 
ternal auditory canal pressures. А) Bony superior canal 
fistula. В) Round window fistula. C) Oval window fistula. 


EFFECT OF CHANGES IN SYSTEMIC OXYGEN TENSION ON 


MIDDLE EAR GAS EXCHANGE 


ARCHIE L. YEE; ERDEM I. CANTEKIN, PHD 


This report appears in complete form in Ann Otol Rhinol Laryngol 1986;95:369-72. 


The effect of alterations in the systemic oxygen tension 
on ME gas exchange was studied in three juvenile rhesus 
monkeys (Macaca mulatta) by use of five different in- 
spired oxygen concentrations ranging from 15% to 100%. 
The anesthetized animals were ventilated for 4 hours, 
breathing the set of predetermined, constant oxygen- 
nitrogen gas mixtures. During this period, arterial and 
venous oxygen and carbon dioxide partial pressures were 
measured at 30-minute intervals; total ME gas pressure 
was determined indirectly by use of tympanometry at 
10-minute intervals. Systemic oxygen blood gas tension 
showed predictable changes that were dependent on the 
fraction of inspired oxygen (FiO2). However, fluctuations 
in the total ME gas pressure were insignificant, as shown 
in Fig 5. The ME pressure showed no discernible depen- 
dence on the FiO2. 


The total ME pressure, as measured by tympanometry, 
was not affected by the increased systemic blood oxygen 
tension secondary to the high oxygen concentration ven- 
tilation. The expected equilibrium values for ME gas 
pressure were calculated from the measured values of oxy- 
gen and carbon dioxide partial pressures in the venous and 
the arterial blood. With increasing FiO2 values the observ- 
ed and the expected values of ME pressure diverged; this 
finding suggests that the development of subatmospheric 
ME pressure was independent of the systemic oxygen ten- 
sion. 


Fig 5. Effect of various fractions of inspired oxygen (FiO2) —9 


of total ME pressure as function of elapsed ventilation time 
for three animals. 
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MIDDLE EAR PRESSURE AF TER CHANGES IN STEADY STATE 


ARCHIE L. "EE; ERDEM I. CANTEKIN, PHD 


This report ap-ears in complete form in Acta Otolaryngol (Stockh) 1987;104:261.9. 


The combined effect of changes in ME gas composition 
and changes in systemic arterial blood oxygenation on 
total ME pressure was studied in three anesthetized juve- 
nile rhesus monkeys (M mulatta). The gas composition of 
the ME was altered by ME inflation (politzerization) by 
use of eithe. pure nitrogen, oxygen, or carbon dioxide 
while the arimal was ventilated with either room air or 
100% oxygen at constant carbon dioxide blood gas ten- 
sion. Total ME pressure was measured indirectly by tym- 
panometry acoustic impedance) for a 5-hour duration. 
The change: in ME pressure were consistent and reproduc- 
ible, exhibit ng different pressure-time patterns unique for 
each gas, asshown in F ig 6. Carbon dioxide resulted in the 
most rapid decrease in ME pressure, followed by oxygen. 
The slowest decrease was observed in experiments with ni- 
trogen. The systemic hyperoxygenation had little or no ef- 
fect on the -esults. The findings were explained by the dif- 
ferences in relative permeabilities of these gases influenc- 
ing ME ga: diffusion, but the lack of a systemic hyperoxy- 
genation efect remained unexplained. 


Fig 6. A-erage total ME pressure from monkeys as func- —> 


tion of tine after carbon dioxide, oxygen, nitrogen, or no 
politzerization (ME inflation) with monkeys breathing 
100% oxygen. 
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MICROBIOLOGY 


ELLEN R. WALD, MD 


Microbiologic investigation is a cornerstone in the study of OM. The microbiology laboratory produces data regarding 
the incidence of organisms and provides specimens and isolates for immunology, vaccine, and biochemistry. 


INCIDENCE OF ORGANISMS IN OTITIS MEDIA 


CHARLENE F. KRENKE; JANET S. STEPHENSON; ELLEN R. WALD, MD 


The main goals of the OMRC Microbiology Laboratory 
are to provide 1) maximum recovery of bacteria from as- 
pirates of MEEs, 2) accurate identification of isolates, and 
3) standardized antimicrobial susceptibility testing. In ad- 
dition, the laboratory provides support for other investiga- 
tions related to OM, such as measurement of antibiotic 
levels in MEEs and cultures for animal studies. Culture 
results are also used to establish the prevalence of organ- 


isms and the incidence in those children followed longitu- 
dinally. 


А standard procedure is used to inoculate ME aspirates. 
The specimen is plated onto chocolate and 5% sheep blood 
agar and inoculated into trypticase soy broth, brain-heart 
infusion with Levinthal enrichment, and thioglycolate 
with vitamin К and hemin enrichment. A Gram 's stain is 
also obtained, and for some studies, the specimen is re- 
served for biochemical and immunologic analysis. 


Table 4 summarizes the culture results for 4,375 speci- 
mens collected between January 1983 and December 
1986. Pathogens were isolated from 2,229 of these cultures 
(50.9%), and no growth was noted in 986 (22.5%). The 
recovery rate of pathogens from effusions from patients 
with acute OME was neagly double that of effusions from 
patients with chronic OME — 73.2% compared to 
39.5%. 


The distribution of microorganisms considered as path- 
ogens is shown in Table 5 for chronic and acute OME. In 
the 2,229 MEE specimens from which pathogenic micro- 
organisms were isolated, 1,087 were from the patients 
with acute disease, and 1,142 from the patients with 
chronic disease. The most frequently encountered organ- 
isms were Hemophilus influenzae, Streptococcus pneumo- 
niae, and Branhamella catarrhalis. In the acute group, S 
pneumoniae was the most frequent isolate, whereas in the 


TABLE 4. MICROBIOLOGY OF 4,375 MEES RECOVERED 
FROM CHILDREN WITH ACUTE AND CHRONIC OME 


Acute OME Chronic OME Total 
Pathogens 1,087 (73.2%) 1,142 (39.5%) 2,229 (50.9%) 
No growth 262 (17.7%) 724 (25.0%) 986 (22.5%) 
Total MEEs 1,484 2.891 4,375 


LEGIONELLA IN OTITIS MEDIA 


TABLE 5. DISTRIBUTION OF PATHOGEN TYPES 
IN EFFUSIONS CULTURED 


Acute OME . Chronic OME Total 


H influenzae 341 (31.3% 402 (35.2% 743 (33.3%) 


) ) 

S pneumoniae 437 (40.2%) 234 (20.5%) 671 (30.1%) 
B catarrhalis = (18.3%) 264 (23.1%) Eo (20.8%) 
S pyogenes 6 ( 5.2%) 27 ( 2.4%) 3 ( 3.7%) 
S aureus 6 ( 24%) 100 ( 8.8%) be ( 5.7%) 
Pseudomonas 

aeruginosa 28 ( 2.6%) 115 (10.1%) 143 ( 6.4%) 

Total 1,087 1,142 2,229 


chronic group, H influenzae predominated. In both types 
of effusions, Staphylococcus aureus, Streptococcus 
pyogenes, and combinations of pathogens (ie, both S 
pneumoniae and B catarrhalis) contributed approximately 
15% as a group. 


There has been increased interest in the 6-lactamase 
production characteristics of MEE pathogens. Table 6 
shows the percentage of $-lactamase-positive strains 
among organisms tested in 1981 through 1986. Hemophil- 
us influenzae has demonstrated 8-lactamase activity rates 
varying between 17% and 36%; B catarrhalis shows much 
higher rates, varying between 67% and 83%. 


The cumulative data presented reveal that the organ- 
isms identified are very similar to those in previously re- 
ported studies. As more data are accumulated, we will an- 
alyze them for seasonal variation and changes in distribu- 
tion of the isolates, and we will provide longitudinal data 
for children who require multiple procedures. 


TABLE 6. PREVALENCE OF 8-LACTAMASE-PRODUCING 
H INFLUENZAE AND B CATARRHALIS IN EFFUSIONS 
FROM ACUTE OM 


Year H influenzae B catarrhalis 
1981 17% 67 % 
1982 21% 80 % 
1983 22% 79% 
1984 36 % 68 % 
1985 99% 83% 
1986 34% 82% 


ROBERT M. WADOWSKY, SCD; ELLEN R. WALD, MD; LAWRENCE J. BUTLER, MS 


In every series of patients with acute OM, a significant 
number, otoscopically and clinically indistinguishable 
from the rest, are found to have sterile MEEs. Candidate 


etiologic agents in these cases are viruses, mycoplasma, 
Chlamydia, Legionella, and anaerobes of the upper re- 
spiratory tract. 
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We recendy evaluated the role of Legionella species in 
the causation of OME. The increasing prevalence of anti- 
body to Legionella with increasing age in the pediatric 
population suggested an exposure in the form of mild re- 
spiratory disease in the early years of life. Samples of ME 
fluid from patients with acute OM or persistent MEE were 
cultured oa selective (differential glycine-vancomy- 


2l 


cin-polymyxin B) and nonselective media (buffered char- 
coal yeast extract) for 1 week at 35°С. When a sufficient 
volume of ME fluid was available, two tenfold dilutions 
were prepared and plated similarly to enhance the recov- 
ery of Legionella species. No Legionella was identified 
among 31 samples of MEE from patients with acute OM, 
nor from 76 patients with persistent MEE. 


IN VITRO STUDY OF A NEW ORAL CEPHALOSPORIN: CL 284,635 (CEFIXIME) 


GEORG KELETI. PHD; CHARLES D. BLUESTONE, MD 


Supported by American Cyanamid Company, Lederle Laboratories. 


The senativity of clinical isolates of 21 $B-lacta- 
mase-positjve B catarrhalis, 22 8-lactamase-positive S 
aureus, 21 з pneumoniae, 21 8-lactamase-positive H in- 
fluenzae, and 21 5 pyogenes were tested against cefixime, 
ampicillin, erythromycin-sulfisoxazole 1:3 (Pediazole), 
and cefaclc-. 


Five strams from each of the above-mentioned bacterial 
species were also tested in media containing 20% horse 
serum. For B catarrhalis and S aureus, Mueller-Hinton 
broth med:um was used; for S pneumoniae and S pyo- 
genes, the same medium enriched with 2% laked horse 
blood was used; and for Н influenzae, 20% Levinthal 
enrichmen: with Mueller-Hinton broth was used. All me- 
dia were supplemented with 50 IU of thymidine phosphor- 
ylase per lier of broth. 


Before each experiment, the antibacterial agents were 
freshly prepared. About five colonies of each of the five ex- 
amined strains were transferred into 5 mL of the described 
medium. The media were incubated at 35°C for 4 to 10 
hours; the density was adjusted with the appropriate 


medium to that of 0.5 McFarland standard. The adjusted 
culture was then diluted 1:200 with the medium so that 
each tube with the antimicrobial preparation contained 
10° to 10° colony forming units (CFU)/mL. One milliliter 
of the inoculum was diluted in 9 mL liquid medium, and 1 
L of this dilution was spread over the surface of a solid 
medium and incubated for 48 hours at 35°C. The viable 
count of the adjusted inoculum was calculated. 


One milliliter of various dilutions of the antimicrobial 
preparations was placed into sterile tubes. Within 15 
minutes after the inoculum had standardized, 1 mL of the 
adjusted inoculum was added to each tube in the dilution 
series (256 to 0.031 ug/mL) and mixed. One tube was used 
as a growth control with the medium and the strain. The 
tubes were incubated at 35°C for 20 to 24 hours. The 
minimal inhibitory concentration (MIC) of cefixime was 
the lowest concentration that completely inhibited the 
growth of the organism as detected by the unaided eye. 


After the determination of the MIC, subcultures were 
made by spreading 0.1 mL from five dilutions showing no 


ТАВ Е 7. SENSITIVITY TO FOUR ANTIBIOTICS OF FIVE BACTERIAL SPECIES ISOLATED FROM INFANTS’ 
AND CHILDREN’S CLINICAL MATERIALS 


MIC 
Bacterial Stain Antibiotic Minimum Median Mode 
B catarrhale Cefixime 0.063 0.063 0.063 
Ampicillin 0.500 4.000 8.000 
Cefaclor 0.500 2.000 2.000 
Erythromycin- 
sulfisoxazole 1:3 0.250 0.500 0.500 
S pyogenes Cefixime 0.063 0.125 0.125 
Ampicillin 0.031 0.031 0.031 
Cefaclor 0.125 0.125 0.125 
Erythromycin- 
sulfisoxazole 1:3 0.063 0.250 0.125 
S pneumonsae Cefixime 0.125 0.250 0.250 
Ampicillin 0.031 0.031 0.031 
Cefaclor 0.250 1.000 1.000 
Erythromycin- 
sulfisoxazole 1:3 0.063 0.125 0.250 
S aureus Cefixime 8.000 16.000 16.000 
Ampicillin 1.000 64.000 64.000 
Cefaclor 1.000 4.000 4.000 
Erythromycin- 
sulfisoxazole 1:3 1.000 1.000 1.000 
Н influenzze ^ Cefixime 0.031 0.063 0.063 
Ampicillin 1.000 64.000 64.000 
Cefaclor 2.000 4.000 4.000 
Erythromycin- 
sulfisoxazole 1:3 2.000 4.000 4.000 


МВС 
Maximum Minimum . Median Mode Maximum 
0.250 0.063 0.125 0.125 0.500 
8.000 0.250 8.000 8.000 32.000 
4.000 1.000 4.000 4.000 8.000 
1.000 1.000 2.000 1.000 8.000 
0.250 0.063 0.125 0.125 2.000 
0.063 0.031 0.031 0.031 0.063 
0.250 0.125 0.250 0.250 2.000 
8.000 0.500 2.000 2.000 32.000 
0.500 0.063 0.250 0.250 1.000 
0.063 0.031 0.063 0.063 0.125 
1.000 0.250 1.000 1.000 2.000 
1.000 0.063 0.500 0.500 16.000 
32.000 16.000 32.000 32.000 256.000 
256.000 16.000 256.000 256.000 256.000 
8.000 4.000 32.000 32.000 128.000 
2.000 16.000 16.000 16.000 32.000 
0.063 0.031 0.063 0.063 0.2950 
256.000 2.000 256.000 256.000 256.000 
SU" а | 4, 16.000 32.000 64.000 
32.000. .^ 4.000: . 32.000 32.000 64.000 
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TABLE 8. SENSITIVITY TO FOUR ANTIBIOTICS OF FIVE BACTERIAL SPECIES IN PRESENCE OF 207; HORSE SERUM 


MIC MBC 
Bacterial Strain Antibiotic Minimum Median Mode Maximum Minimum Median Mode Maximum 
S pyogenes Cefixime 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125 
Ampicillin 0.031 0.031 0.031 0.031 0.031 0.031 0.031 0.125 
Cefaclor 0.125 0.250 0.250 0.500 0.250 0.250 0.250 0.500 
Sulfisoxazole and 
erythromycin 3:1 0.063 0.063 0.063 8.000 0.500 0.500 0.500 32.000 
S pneumoniae Cefixime 0.500 0.500 0.500 1.000 0.500 0.500 0.500 1.000 
Ampicillin 0.063 0.063 0.063 0.125 0.063 0.063 0.063 0.125 
Cefaclor 1.000 1.000 1.000 2.000 1.000 1.000 1.000 8.000 
Sulfisoxazole and 
erythromycin 3:1 0.500 0.500 0.500 0.500 0.500 2.000 2.000 8.000 
S aureus Cefixime 16.000 16.000 16.000 16.000 16.000 16.000 16.000 32.000 
Ampicillin 0.250 8.000 8.000 256.000 0.500 128.000 256.000 256.000 
Cefaclor 4.000 4.000 4.000 8.000 32.000 64.000 64.000 128.000 
Sulfisoxazole and 
erythromycin 3:1 2.000 2.000 2.000 2.000 16.000 32.000 32.000 64.000 
Н influenzae Сейхіте 0.031 0.031 0.031 0.063 0.031 0.063 0.063 0.125 
Ampicillin 2.000 64.000 256.000 256.000 2.000 128.000 256.000 256.000 
Cefaclor 2.000 8.000 16.000 16.000 2.000 16.000 32.000 32.000 
Sulfisoxazole and 
erythromycin 3:1 2.000 8.000 16.000 16.000 2.000 16.000 32.000 32.000 


Five strains of B catarrhalis, also tested, did not grow in presence of serum or in presence of serum inactivated at 56°C for 30 minutes. 


turbidity and from the first tube showing turbidity over 
the entire surface of a Mueller-Hinton medium for $ 
aureus; Mueller-Hinton medium with 5% sheep blood for 
В catarrhalis, S pyogenes, and $ pneumoniae; and choco- 
late Mueller-Hinton medium for H influenzae. The plates 
were incubated for 48 hours for staphylococci and 72 
hours for the other bacteria. Preliminary counts were per- 
formed after 24 hours, and final counts after 48 or 72 
hours respectively. The minimal bactericidal concentra- 
tion (MBC) was the lowest concentration of the antimi- 
crobial compound that yjelded 99.9% or more killing. 


The results of the susceptibility test of five bacterial spe- 


cies against cefixime are shown in Tables 7 and 8. 


As the data indicate, cefixime has an excellent activity 
against 8-lactamase-producing Н influenzae and B catar- 
rhalis, better than that of ampicillin, erythromycin- 
sulfisoxasole, or cefaclor. The activity against S pneu- 
moniae and S pyogenes is lower than that of ampicillin, 
but still is high. The activity against S aureus is very low, 
but still higher than the activity of ampicillin. It may be of 
interest to test cefixime against anaerobic microorganisms 
in the future, because Bacteroides fragilis and Bacteroides 
melaninogenicus cause a problem in tonsil disease and also 
in some cases of OM and sinusitis. 


BIOCHEMISTRY 


WARREN F. DIVEN, PHD 


Inflamma-ion of the ME mucosae is one of the characteristics of OM. Studies designed to better define the biochemical 
composition of MEE have shown components that could have arisen from various sources, including bacteria, inflam- 
matory cells, raucosal metabolic products, or plasma. It is important to be able to identify those components, which may 
contribute sigrificantly to the pathologic changes caused by the disease. It has been shown that a number of hydrolytic en- 
zymes are present in MEE, some of which are host derived and others that are postulated to be of bacterial origin. We have 
initiated a group of studies to investigate the source of these hydrolytic enzymes and their role in the pathogenesis of the 
disease. It will also be of importance to determine if particular treatment modalities are more efficient at reducing the ac- 
tivities of these potentially damaging enzymes. Antiprotease molecules are important in protecting against the activity of 
proteolytic en-ymes. The major antiprotease found in MEE is al-antitrypsin. We have initiated a study in an effort to 
determine the source of the al-antitrypsin found in the ME, and to assess the role of this molecule in providing protection 
against the ba-terial or host protease activities found in MEE. 


ROLE OF BACTERIAL HYDROLASES IN THE PATHOLOGIC CHANGES 
CAUSED 3Y OTITIS MEDIA 


WARREN F. OIVEN, PHD; KAREN L. LAMARCO, MS; WILLIAM J. DOYLE, PHD; ROBERT H. GLEW, PHD 


Presented at th- 13th International Congress of Biochemistry, Amsterdam, Aug 25-30, 1985. 


Persistent № EEs are a characteristic of OME, and many response, we developed an animal model for a local in- 
studies have been conducted in an attempt to learn more flammatory response in the ME. Instilling Escherichia coli 
about the et5logic and pathophysiologic properties of lipopolysaccharide into the ME of the chinchilla produces 
these fluids. S ructural or functional obstruction of the ET a sterile MEE that persists for up to 6 days before clearing. 
is the most ccnmon cause of MEE. This model provides a baseline for similar studies in which 

OM and MEE are induced by infection with particular 


Serous and mucoid MEE both contain inflammatory 


cells, polymo-phonuclear leukocytes, macrophages, lym- ET sae 

phocytes, cel. debris, bacteria, hydrolytic enzymes, and We present here the hydrolase content of endotoxin-in- 
plasma protems. A host cell origin has been suggested for duced effusions and compare them with effusions pro- 
at least some of the hydrolytic enzymes found in MEE, duced by S pneumoniae, H influenzae, B catarrhalis, and 
while a bacterial origin has been proposed for the neu- Pseudomonas. 


raminidase aetivity that has a neutral pH optimum. Bac- 
terial sources are possible for others of the hydrolases as 
well. Bacterial enzymes released into the ME cavity may 


At various time intervals following transbullar inocula- 
tion of E coli endotoxin or S pneumoniae, Н influenzae, B 
catarrhalis, or Pseudomonas, MEE aspirates were re- 


play a significant role in inducing inflammation. moved and several hydrolase activities determined. High- 
In an effet to determine which hydrolytic enzymes er levels of certain hydrolases were found in those effusions 
might be fouad in MEE because of the host inflammatory produced by bacterial infection, and characteristic pat- 
TABLE 9. NEUTRAL HYDROLASE ACTIVITY IN CHINCHILLA MEE 
Nontypeable 

Enzyme Actit=ty E coli Endotoxin H influenzae B catarrhalis S pneumoniae Pseudomonas 
Neuraminidas= 

Mean 92 (4) 128 (7) 83 (4) 2,710 (8) 481 (7) 

SD 27 116 24 1,910 829 
Hexosaminidse 

Mean 4,260 (4) 148,000 (7) 36,000 (4) 6,380 (8) 33,200 (7) 

SD 1,030 114,000 57,200 3,830 7,340 
a-Mannosida= 

Mean 207 (4) 586 (7) 256 (4) 360 (8) 945 (7) 

SD 68 304 140 118 312 
Phosphatase 

Mean 1,270 (4) 16,300 (7) 4,200 (4) 8,750 (8) 13,200 (7) 

SD 815 13,800 3,860 4,900 8,320 
B-Galactosidese 

Mean 86 (2) 841 (7) 159 (4) 207 (8) 405 (7) 

SD l 1,470 108 145 242 
B-Glucuronicase 

Mean 160 (4) 768 (7) 192 (4) 208 (8) 630 (7) 

SD 65 607 40 145 320 


Values are in U/mL. Values in parentheses represent number of MEEs. 
23 
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terns of enzyme activity seemed to result from infection by 
particular microorganisms. 

The enzyme activities that are found in the MEE in- 
duced by E coli endotoxin are all from the host, either oc- 
curring in the MEE as a transudate from serum or locally 
produced by cells in the ME. These activities all result 
from the inflammatory response induced by the endotox- 
in. Thus, the experiments with endotoxin serve as a 
baseline for determining enzyme activities due to the host 
inflammatory response. А similar source may be postu- 
lated for the enzymes found in MEE resulting from bacte- 
rial infection. In addition, microorganisms could serve as 
a source of enzyme activity in these effusions, as we have 
postulated for the neutral neuraminidase activity found in 
S pneumoniae-induced MEE. It can be seen in Table 9 
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that the Н influenzae-induced MEE has significantly 
higher levels of hexosaminidase, phosphatase, 8-galac- 
tosidase, and Ó-glucuronidase when compared to the 
endotoxin-induced MEE. The B catarrhalis-induced effu- 
sion has higher levels of hexosaminidase and phosphatase, 
but levels of other enzymes do not differ greatly from the 
levels found in the endotoxin-induced effusion. Neu- 
raminidase and phosphatase are higher in the S pneu- 
moniae-induced effusion, while the other enzyme levels 
are not much different from those found in the endotoxin- 
induced MEE. Except for neuraminidase, all the enzyme 
values are elevated in the Pseudomonas-induced effusion 
as compared to the levels in MEE induced by endotoxin. 
There seems to be a pattern of increased enzyme activities 
consistent with infection with a particular microorganism. 


ISOLATION AND CHARACTERIZATION OF CHINCHILLA o1-ANTITRYPSIN 


WARREN F. DIVEN, PHD; BARBARA N. VIETMEIER 


Bacterial enzymes released into the ME cavity may play 
a significant role in inducing the inflammation of OME, 
as well as being directly responsible for tissue destruction. 
Proteolytic enzymes, derived from either host cells or in- 
vading microorganisms, could cause tissue destruction if 
not inactivated. Such enzymes have been demonstrated in 
MEE. The main plasma protease inhibitors, a1-antitryp- 
sin and a2-macroglobulin, as well as antileukoprotease, 
have been shown to be present in MEE, although 
al-antitrypsin is regarded as quantitatively the most sig- 
nificant protease inhibitor in the ME. A significant por- 
tion of the al-antitrypsin found in MEE is complexed to 
protease. Especially in mucoid MEE, little protease inhib- 
itor remains available to ipteract with protease. 


Studies to assess the importance of these findings must 
be conducted in experimental animals. The chinchilla is a 
well-defined animal model for serous OM in use in a num- 
ber of laboratories. Studies of chinchilla a1-antitrypsin 
have not heretofore been possible, since antibody devel- 
oped to either human or rat al-antitrypsin will not cross- 
react with the chinchilla protein. Antibody must be devel- 
oped to the chinchilla protein to allow studies of the pro- 
tection of the ME from protease attack. We present here a 


study of the purification and characterization of a1-anti- 
trypsin from the chinchilla and the development of a poly- 
clonal antibody to the purified protein. 


The ability of oi-antitrypsin to inhibit trypsin was 
determined by use of crystalline trypsin and benzoyl-L- 
arginine-p-nitroanalide as the trypsin substrate. Trypsin 
inhibitory capacity is defined as the number of milligrams 
of trypsin inhibited per milliliter of test fraction. Purifica- 
tion procedures included ion exchange chromatography 
on DE-52 cellulose (Reeve Angel) апа QAE-Sephadex 
(Pharmacia), affinity chromatography on Affigel blue 
sepharose, and gel filtration chromatography on Sephadex 
G-150 (Pharmacia). 


From 260 mL of chinchilla serum, 63 mg of о1-апіёі- 
trypsin was isolated and purified with an overall yield of 
approximately 29%. The preparation was homogeneous 
by the criteria of sodium dodecylsulfate polyacrylamide 
gel electrophoresis (SDS-PAGE) and sedimentation equi- 
librium centrifugation. Chinchilla al-antitrypsin exhib- 
ited a molecular weight of 52,025 by equilibrium ultra- 
centrifugation; the sedimentation coefficient (s20,w) was 
2.12. A summary of the results of purification is contained 
in Table 10. 


TABLE 10. PURIFICATION OF CHINCHILLA a1-ANTITRYPSIN 


Total Activity Total Specific Fold 
Fraction (TIC Units) Protein (mg) Activity (U/mg) Purification % Yield 
Crude 221.0 6.4 x 10? 0.0345 1.00 100.0 
DE-52 cellulose 159.0 844.0 0.1880 5.45 71.9 
QAE-Sephadex 16.8 338.0 0.0793 2.30 12.1 
Affigel blue sepharose 11.9 54.8 1.4200 41.20 35.2 
Sephadex G-150 63.8 63.0 1.0100 29.30 28.9 


TIC — trypsin inhibitory capacity; number of milligrams of trypsin inhibited per milliliter of test fraction. 


PURIFICATION AND PROPERTIES OF A NEURAMINIDASE FROM 
STREPTOCOCCUS PNEUMONIAE CULTURE FILTRATES 


WARREN F. DIVEN, PHD; KAREN L. SCANLON, MS; ROBERT H. GLEW, PHD 


Neuraminidase has been shown to be present in MEE 
from patients with chronic OME, as well as in MEE from 


patients with acute OM. In each of these studies, the find- 
ing of neuraminidase activity has been highly correlated 
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TABLE 11. PURIFICATION OF NEURAMINIDASE 


Specific 
Total Total Activity Purification 
Fraction (О x 10°°) Protein (mg) (U x 107°) (Fold x 107?) Yield (%) 
Initial growth medium 19.60 6.40 x 10* 0.0031 (0.001) 100 
APO affinity «olumn 12.80 91.10 0.140 0.450 65 
DEAE/HPT 7.00 2.59 0.270 0.880 36 
SP 5.75 6.20 0.930 3.00 29 
BSM affinity «olumn 4.8] 3.89 1.20 4.10 25 
APO affinity olumr 3.66 2.07 1.80 5.80 19 


APO — N- p-amirophenyl)-oxamic acid-agarose, BSM — bovine submaxillary mucin-agarose, DEAE-HPT — diethylamino ethyl hydroxylapatite, 


SP — sulfe propyl 





with the presence of S pneumoniae, one of the most com- 
monly obsewved pathogens in OME. This organism is a 
rich source cf a va-iety of extracellular hydrolases, includ- 
ing neuramnidase, 8-galactosidase, and hexosaminidase, 
all of which пау remove sugar residues from glycoproteins 
and glycolipids liming the ME mucosae. 


In order © determine if neuraminidase can contribute 
significantly to the pathologic changes of OM and to study 
its role in the infectious process, it is necessary to have a 
preparationwf highly purified enzyme. We present here а 
summary ofthe purification procedure we have developed 
and some o: the properties of the purified enzyme. 


The enzyme was purified over 5,800-fold by passing 
culture brot through a series of affinity and ion exchange 
columns. Tle overall yield was 2 mg enzyme protein, and 
the final specific activity was 1.8 x 10° U/mg protein. 


À molecu ar weight of 65,000 was estimated from SDS- 
PAGE, in azreement with a value of 65,500 obtained from 
gel filtration. The sedimentation coefficient and Stokes 
radius of nearaminidase were 6.12 and 32 A, respectively. 
The isoelectric point was 7.2, and pH 6.0 was optimal for 
enzyme actvity. 


The enzyme catalyzed the hydrolysis of mucin, glyco- 
proteins, aad gangliosides; bovine submaxillary mucin 
supported the hizhest catalytic efficiency, and а!-апіі- 
trypsin the owest. Neuraminidase acted on at least three 
linkage classes of substrates: 2,6 and 2,3 linkages of 
N-acetylnerramiric acid to galactose, and 2,6 linkages to 
N-acetylgaEctosamine. 


A summary of the purification (Tables 11 and 12) shows 
the catalytic efficsency of the purified enzyme in hydrolyz- 
ing various natural substrates. The Km values shown here 


are approximately a measure of the ability of the enzyme 
to interact with a substrate, and the Vmax values represent 
the ability of the enzyme substrate complex formed to 
break down to yield product. The catalytic efficiency 
(Kcat/Km) takes into account both of these factors. Thus, 
neuraminidase present in MEE has the catalytic potential 
for the removal of sialic acid from the ME mucosal glyco- 
proteins. 


This purification procedure will allow us to prepare the 
enzyme for further study of the contribution of neu- 
raminidase to the pathologic changes of OM and its role in 
the infectious process. When sufficient material is 
available we will also be able to develop immunologic 
procedures to determine if the source of the neuraminidase 
activity we find in MEE from patients with OM is S 
pneumoniae, even in those instances in which we cannot 
culture that organism from the MEE. 


TABLE 12. CATALYTIC EFFICIENCY OF 
NEURAMINIDASE FOR HYDROLYSIS OF VARIOUS 
NATURAL AND ARTIFICIAL SUBSTRATES 





Km Vmax Kcat/Km 
Substrate (umol/L) ** (umol/mg/h) | (min^'umol"') 
Mucin 2.94 0.80 29.500 
MU-NANA 154 531 3.730 
Fetuin 237 365 1.670 
Neuraminolactose 486 315 0.702 
Transferrin 168 104 0.673 
GDla 788 441 0.607 
GTI 1674 425 0.275 
al-Antitrypsin 2256 219 0.105 


MU-NANA — 4-methylumbelliferyl N-acetyl neuraminic acid, GDla — 
ganglioside GDla, СТ1 — ganglioside GTI. 


EXPERIMENTAL ALTERATION OF CHINCHILLA MIDDLE EAR 
MUCOSAE BY BACTERIAL NEURAMINIDASE 


KAREN L. LAMARCO, MS; WARREN F. DIVEN, PHD; ROBERT Н. GLEW, PHD 


This report .ppear: in complete form in Ann Otol Rhinol Laryngol 1986;95:304-8. 


In studies with the chinchilla animal model of OME, 
we observed that when S pneumoniae was instilled into 
the ME, tae resaltant effusion contained high levels of 
neuraminiease that seemed to persist for extended periods 
of time. Рьептососса! neuraminidase has been shown to 
catalyze the remeval of N-acetyl-neuraminic acid (NANA) 
in vitro fram various natural substrates. 


The abil ty of partially purified neuraminidase to alter 
the ME macosa was investigated in the chinchilla. 


Partially purified neuraminidase (200 units) was diluted 
into sterile Todd-Hewitt broth, and approximately 1.5 
mL was instilled into the chinchilla ME. The opposite ear 
of each animal was filled with the same volume of sterile 
broth, which served as the control. The fluids were al- 
lowed to incubate within the ME cavity for varying 
periods of time (30 to 190 minutes). 


After incubation, MEs were removed, washed with ice- 
cold physiologic saline, and incubated at 37°С for 1 hour 
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RELATIVE INCREASE IN TRITIUM COUNTS 
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Fig 7. Fractional increase in tritium incorporation against gel slice number for mucosae treated with neuraminidase for A) 30 
minutes, B) 60 minutes, and C) 120 minutes against control mucosae treated with sterile Todd-Hewitt broth for A) 30 minutes, B) 


60 minutes, and C) 120 minutes. 


with galactose oxidase. The removal of sialic acid residues 
exposes galactose residues, which may be acted upon by 
galactose oxidase. 


Terminal galactose residues were subsequently reduced 
and labeled with tritiated sodium borohydride. Mucosae 
were then solubilized with sodium dodecylsulfate (SDS) 
detergent, and the remaining protein suspension was elec- 
trophoresed on SDS polyacrylamide gels. The gels were 
then cut into 2-mm slices, and radioactivity per slice was 
determined by scintillation counting. 


Data were analyzed by comparing the control (baseline) 
level of incorporated tritium at each time point with the 
amount of label found in the corresponding experimental 
mucosae. Since it was assumed that enzyme-treated mu- 
cosae would have greater numbers of galactose residues ex- 
posed and, therefore, a larger amount of ?H-labeling, the 
increase in tritium counts across the gel was calculated by 
means of the following equation: 


(Н — experimental) — (Н — controlx)/(?H — controlx) 


After 30 minutes (Fig 7A), it appeared that the neu- 
raminidase had removed sialic acid residues from gly- 
coproteins that migrated to the area between gel slices 7 


and 10, since an increase in galactose labeling of 100% to 
200% was observed. In all other areas of the gel, however, 
treatment with the isolated neuraminidase had no effect 
on the mucosae, as the increase over the control was less 
than 50%. By 60 minutes (Fig 7B), the large increase in in- 
corporation of tritium indicated that the neuraminidase 
had indeed removed sialic acid residues on the mucosae, 
allowing galactose residues to be exposed and, therefore, 
labeled. After 120 minutes (Fig 7C), however, labeling 
appeared to be decreased in the first two thirds of the gel 
(ie, high molecular weight proteins), while the galactose 
*H-labeling persisted in the proteins of low molecular 
weight that migrated to the final one third of the gel. 


As seen in these experiments, purified pneumococcal 
neuraminidase can remove sialic acid residues from chin- 
chilla ME mucosae, causing exposure and labeling of an 
increased number of galactose residues. However, if only 
neuraminidase were causing the mucosal alteration, any 
galactose residues exposed by the sialic acid removal 
should persist with increasing incubation times. Removal 
of sialic acid from glycoproteins may leave oligosac- 
charides unstable and render them more susceptible to 
degradation by chinchilla enzymes. 


HYDROLASE ACTIVITY IN EXPERIMENTAL MIDDLE EAR EFFUSIONS 


WARREN F. DIVEN, PHD; WILLIAM J. DOYLE, PHD; BARBARA М. VIETMEIER 


This report appears in complete form in Arch Otolaryngol Head Neck Surg 1988;114:52-5. 


Earlier studies from this laboratory reported the 
presence of a number of hydrolytic enzymes in the MEEs 
recovered from children with both persistent and acute 
OM.'? By use of the chinchilla model of acute OM, ac- 
tivities of these hydrolytic enzymes could be documented 


in experimentally induced MEEs.? In that model one en- 
zyme, neuraminidase, was shown to be capable of altering 
the ME mucosa with potentially detrimental results.^ In 
the present study, we investigated the effect of antibiotic 
therapy on the expression of hydrolytic enzyme activity in 
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TEMPORAL PATTERNS 
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Fig 8. Characteristic patterns of enzyme activity as func- 
tion of time. See text for explanation of temporal patterns 
1, 2, and 3. 


MEEs frora animals with acute OM. 


The МЕ: of 30 adult chinchillas were inoculated bilat- 
erally withzapproximately 120 CFU of S pneumoniae (type 
3) via the t ansbullar approach. All ears were examined on 
day 2 to dacument ME inflammation and effusion by tym- 
panometry and otomicroscopy. Beginning on day 3 and 
for the duration of the 12-day experiment, 15 of the 
animals received 100 mg of ampicillin intramuscularly 
every 12 hcurs. Four MEEs from both the treated and un- 
treated grc ips of animals were recovered on days 5, 7, 9, 
and 12 by tympanocentesis. Sampled effusions were la- 
beled, cultared, and submitted for assay of enzymatic ac- 
tivity by methods previously reported.'? Activities of neu- 
raminidase o-mannosidase, 8-glucuronidase, phospha- 
tase, B-gakictosidase, and hexosaminidase were deter- 
mined at КЭ an acid and neutral pH. Median values of 
enzymatic activities in the effusions were calculated for 
the two gre ups of animals on each of the 4 sample days. 


All effussons recovered from animals treated with am- 
picillin we-e culture-negative for S pneumoniae. In con- 
trast, all esfusions from untreated animals were culture- 
positive for S pneumoniae. With the exception of 8-glu- 
curonidase the median values of enzyme activities were 
much less for the ampicillin-treated animals than for the 
nontreated control animals. The magnitude of this differ- 
ence was sen to increase with time. For 8-glucuronidase, 
both the magnitude and temporal pattern of activity were 
similar for *he treated and untreated animals. A plot of the 
median values of enzyme activity as a function of time 
showed thee activities to be characterized by one of three 
basic patte-ns as illustrated in F ig 8. Pattern 1 depicts a 
relatively stable activity over time. Pattern 2 shows an in- 
crease in astivity with time, and pattern 3 represents a 
time-dependent decay of enzymatic activity. The patterns 
observed азе summarized in Table 13. Significantly, for 
the ampicilin-treated animals, seven of the 12 assayed ac- 
tivities wer? characterized by pattern 3. With the excep- 
tion of gluc ironidase, each of the remaining five enzymes 
showed this pattern for assayed activity at at least one pH 
level. In cantrast, for the untreated control animals, no 
enzyme act vity showed changes comparable with pattern 
3. Rather, he majority of assayed activities (nine of 12) 
showed an increase in activity with time as exemplified by 
pattern 2. 


TABLE 13. DISTRIBUTION OF ENZYMES WITH RESPECT 
TO TEMPORAL PATTERNS 


Temporal 
Pattern Observed 


Not Relation 


Enzyme Treated Treated of Activities 
Phosphatase 

Neutral 3 2 NT«T 

Acidic 3 2 NT«T 
8-Glucuronidase 

Neutral ] 1 NT=T 

Acidic 2 2 NT =T 
Hexosaminidase 

Neutral 2 2 NT«T 

Acidic 3 2 NT<T 
8-Galactosidase 

Neutral 9 9 NT«T 

Acidic 3 2 NT«T 
a-Mannosidase 

Neutral 2 2 NT<T 

Acidic 3 2 NT<T 
Neuraminidase 

Neutral 3 1 NT«T 

Acidic 3 1 NT«T 
Summary 

Pattern 1 1 3 

Pattern 2 4 9 

Pattern 3 1 0 


See text and Fig 8 for explanation of temporal patterns. 
NT — not treated, T — treated. 


These results show that sterilization of the ME cleft con- 
sequent to antibiotic therapy results in much lower levels 
of hydrolytic enzyme activities than in MEs with active in- 
fections. This probably is assoeiated with the elimination 
of the source of the enzymes followed by subsequent ex- 
ponential decay of activity as evidenced by the preponder- 
ance of pattern 3 in the treated group. In light of the 
evidence presented previously showing a potential for 
these enzymes to alter the ME mucosa detrimentally, ster- 
ilization of the ME cleft and elimination of the hydrolytic 
enzyme activity may be benefits of antimicrobial therapy 
and prerequisite to the healing of the inflamed mucosa. 
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HISTOPATHOLOGY 


ISAMU SANDO, MD 


Management of patients with MEE and their follow-up care must be based on the clearest possible understanding, not 
only of the structure and function of the ET, but also of the various circumstances that may alter its function. However, to 
our knowledge, no histopathologic study of ET abnormalities has thoroughly investigated these abnormalities as possible 
etiologic factors in MEE. Meaningful pathologic study of this problem was impossible until a few years ago, because most 
of the specimens collected for study contained only portions of the cartilaginous ET. However, in September 1980, we 
started to obtain specimens that included not only the temporal bone, but also the entire ET and its accessory structures. 


During the progress report period, the following goals were achieved: 


1. 
Pittsburgh, so that specimens could be obtained for study. 
2. 
3. Refinement of histologic technique for processing. 
4. 
9. Collection of 121 ET-ME specimens. 
6. 


Establishment of excellent relations with the pathology departments of the five University Health Center Hospitals, 
Development of a technique to remove temporal bone specimens that include the entire ET and its accessory structures. 
Development of an organized procedure for the histopathologic study of the specimens and documentation of results. 


Recognition of new and/or significant pathologic findings in those specimens, and of their contribution to the 


physiology and pathophysiology of the ET-ME system and the pathogenesis of OM/OME and related pathologic condi- 


tions. 


7. Progress in accumulating specimens for future studies of ET disease. 


COMMON SITE OF OTITIS MEDIA IN HUMAN TEMPORAL BONES: 
A QUANTITATIVE HISTOPATHOLOGIC STUDY 


TETSUO TAKAHARA, MD; ISAMU SANDO, MD 


Supported in part by NIH grant NS 13787. 


This report appears in complete form in Auris Nasus Larynx 1985;12(suppl):S173-S176. 
Presented at the Extraordinary Symposium on Recent Advances in Otitis Media With Effusion, Kyoto, Japan, Jan 12-15, 1985. 


The purpose of this study was to gain basic information 
about the common site of inflammation in the ME cleft. 
The degree of subepithelial round cell infiltration in each 
of 26 portions of the ME cleft was studied histopatholog- 
ically in 64 human temporal bones that had been con- 
firmed histologically as having either subacute or chronic 
OM. The temporal bones had been prepared for histologic 
study by staining with hematoxylin and eosin and were ex- 
amined under the light microscope. The findings of this 
study reveal the following information. 





1. Infiltration was found in a greater number of cases 
to be most severe in the medial portion of the mesotym- 
panum (promontory wall), which also seemed to be the 
site of initial infiltration of the subepithelium (Fig 9). 

2. Generally, the mesotympanum was the site of the 
most severe subepithelial round cell infiltration, followed 
by the hypotympanum and the epitympanum. The severi- 
ty of subepithelial round cell infiltration in the aditus ad 
antrum and mastoid antrum was the same as that in the 
epitympanum. 


Fig 9. Photomicrograph of vertical sec- 
tion through left temporal bone at level 
of oval and round window niches in 4- 
month-old boy with congenital heart 
anomalies (H & E, original x8.4). Note 
severe polypoid thickening of muco- 
periosteum with subepithelial round cell 
infiltration, which was observed only in 
promontory (arrow). FN — facial nerve, 
M — malleus, OWN — oval window 
niche, RWN — round window niche, 
TM — tympanic membrane, V — vesti- 
bule. 
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3. The subepithelial round cell infiltration in the medi- 
al portion »f the ME cleft was more distinct than that in 
the lateral porticn, though no difference in the degree of 
subepithelial round cell infiltration was noted between the 
anterior and posterior portions. 

4. The small niches located in the posteromedial por- 
tion of the mesotympanum, such as the oval window 
niche, the sinus tympani, and the round window niche, 
were less severely infiltrated in the subepithelium than 
were other portions of the mesotympanum. The round 
window membrane was observed to be the least severely 


infiltrated site in the ME cleft. 

5. The inflammatory changes of the superstructures of 
the stapes and the long process of the incus were also 
severe, as were those in other parts of the subepithelium in 
the mesotympanum; however, the changes in the manu- 
brium of the malleus and the tympanic membrane itself 
were moderate. The degree of inflammation of the head of 
the malleus and the body of the incus seemed to be equal 
to that in the rest of the epitympanum and less severe than 
that in other parts of the ossicles, which belong to the 
mesotympanum. 


POSTNATAL DEVELOPMENT OF THE EUSTACHIAN TUBE AND ITS 
SURRO JNDING STRUCTURES: A PRELIMINARY STUDY 


MASANORI KrTAJIRI, MD; ISAMU SANDO, MD; TETSUO TAKAHARA, MD 


This report appears in complete form in Ann Otol Rhinol Laryngol 1987;96:191-8. 
Presented at the Extraordinary Symposium on Recent Advances in Otitis Media With Effusion, Kyoto, Japan, Jan 12-15, 1985. 


The postnatal development of the ET and its surround- 
ing structures (the tubal cartilage, the tubal gland, the 
ТУР muscle, and the LVP muscle) was investigated in se- 
rial vertical histologic sections from 12 normal temporal 
bones of irdividuals whose ages ranged from 39 weeks' 
gestation te 19 years. After tissue sections were projected 
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Fig 10. Schematic drawing showing differences in size of 
cross-secticnal ET lumen and its surrounding structures in 
1-day-old infant (left) and 19-year-old (right). Four por- 
tions of ET and its surrounding structures are shown: a — 
pharyngea portion, b — midcartilaginous portion, c — 
isthmus partion, and d — midbony portion. 


Cartilage 


onto paper and the structures were traced, several mea- 
surements were made in order to analyze the development 
of the ET and its surrounding structures. The findings of 
this study revealed the following information. 


1. The ET and its accessory structures showed postnatal 
development up to the age of 19 years (Fig 10). 

2. The area of the lumen in a specimen from a 19-year- 
old was 4.7 times that of the 1-day-old infant. The 
development of the tube was greatest in the pharyn- 
geal part. Postnatal development of the ET appears to 
be related to growth of the face (Fig 11). 

3. The area of cartilage in the specimen from a 19-year- 
old was 3.6 times that of the 1-day-old infant. 

4. The mucosal acinal cells were predominant in infants, 
but no greater than the nümber of serous acinal cells 


(Area in mm?) 


14 


(Area in mm?) 





0 , 
01234567 Fi 


(Age in weeks) ga 





0 2 4 6 8 10 12 14 16 18 20 
(Age in years) 


Fig 11. Areas of lumen of four different parts of ET in 12 
temporal bones from humans of different ages. Areas of 
pharyngeal portion (O), midcartilaginous portion (0), 
isthmus portion (A), and midbony portion (х) are shown, 
and mean values (9) of areas of these four portions are 
connected by solid line. Inset) Enlargement of portion of 
graph for neonates. 






Fig 12. Eustachian tube glands (H & E, original x180). A) Newborn and B) 19-year-old. Proportion of gland cells that are mucus- 


secreting is about 75% in 9.day-old and about 50% in 19-year-old. C — tubal cartilage, L — tubal lumen, M — mucous cell, 5 — 


serous cell. 


by the age of 19 years (Fig 12). 

5. The areas of the TVP and LVP muscles in the 19-year- 
old were 5.1 and 11.1 times, respectively, those of the 
]-day-old infant. 


We reported preliminary data on the postnatal develop- 
ment of the ET and its accessory structures, à subject that 


has never been investigated thoroughly to date. However, 
because of the limited number of specimens available for 
the study, it is important that further investigation on this 
subject be performed on more specimens so that a clear 
understanding may be gained of the relationship between 
tubal development and alterations in function that occur 
with age. 


MESENCHYME REMAINING IN HUMAN TEMPORAL BONES 


TETSUO TAKAHARA, MD; ISAMU SANDO, MD; YOSHIE HASHIDA, MD; YOSHIHIRO SHIBAHARA, MD 


Supported in part by NIH grant NS 13787. 


This report appears in complete form in Otolaryngol Head Neck Surg 1986;95:349-57. 
Presented at the research forum sponsored by the Committee for Research in Otolaryngology, the American Academy of Otolaryngolo- 
gy-Head and Neck Surgery, and the Association for Research in Otolaryngology, Las Vegas, Sept 15-20, 1984. 


This study was conducted in order to gain basic infor- 
mation about mesenchyme remaining in the ME cleft in 
normal infants. Because no previous report has described 
objectively the quantity or quality of such postnatal rem- 
nants in normal infants, it has not been possible to 
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Fig 13. Photomicrograph of mesenchyme with mesen- 
chymal cells in area of hypotympanum in left temporal 
bone of 26-weeks' gestation fetus with hyaline membrane 
disease (H & E, original x425). Note star-shaped mesen- 
chymal cells with multiple long processes. 


evaluate accurately the significance of mesenchyme re- 
maining in the ME of infants with pathologic conditions 
such as OM and congenital anomalies. Thus, 53 temporal 
bones, obtained from 41 individuals ranging from 26 
weeks' gestation to 8 years of age reported upon here, will 
be controls for future studies of pathologic conditions. The 
children from whom these temporal bones were obtained 
had no anomalies of the ear (or known in any other part of 


TABLE 14. AREAS* OF MESENCHYME AND MIDDLE EAR 
CAVITY AT DIFFERENT AGES (MEAN € SD 


No. Area of Area of | Mean Value 

of Potential Mesenchyme of 
Age Group Bones MEC (mm?) (тт? Each %ME 
26 to 37 WG 8 5.75+2.70 1.68+0.60 30.0+ 20.8 
0 to 30 d 14 9.024+2.85 1.95+0.89 18.9+11.2 
] to 6 mo li 7.2142.45 1.10+1.20 14.8+15.8 
7 to 12 mo 5 7.65+1.65 1.28+1.36 14.34 14.6 
13 mo to 3 yr 4 6.2040.96 0.37+0.56 6.0+ 7.3 
3yrlmoto8yr ll 8.0443.30 0.2140.25 3.14 3.0 
Total 53 7.53+9.67 1.15+1.07 15.02: 15.3 


MEC — middle ear cavity, % ME — area of mesenchyme as percen- 
tage of potential area of middle ear cavity, WG — weeks' gestation. 
Several babies were born prematurely and lived only few days; their 
ages were corrected to correspond to expected gestational age. 


* Expressed by sum of areas measured in 12 portions of epitympanum, 


mesotympanum, and hypotympanum. 
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Fig 14 Mean value of percentage mesenchymal area 
(% ME. of potential ME cavity (mesenchymal area + area 
of free air space) for each age group. W — mean value of 
% ME for each group, А — % ME for each individual, D — 
days, М — months, WG — weeks' gestation, Y — years. 


the body). nor did they have any pathologic conditions in 
the ear. The temporal bones were prepared for histologic 
study by saining with hematoxylin and eosin and were ex- 
amined under the light microscope. After we projected 
and illustrated areas of the mesenchyme (Fig 13) in the 
histology sections for each of 19 portions in the ME cleft 
under the microprojector, those areas were measured by 
compensating polar planimetry. 


The findings obtained in the study were as follows. 


1. The amount of mesenchyme remaining in the days 
after birth seemed to decrease gradually in volume with 
increasingmaturity and had nearly disappeared by 1 year 
of age in normal infants (Table 14 and Fig 14). Where 
mesenchyme was noted in the temporal bones of infants 
over 1 yea: old, it was usually present only in small niches. 

2. Most mesenchyme found in temporal bones of nor- 
mal infants was seen in the mastoid antrum, followed by 
the aditus ad antrum, the epitympanum (Fig 15), the hy- 






Fig 16. Area of remaining mesenchyme as 
percentage (mean+standard deviation) of 
potential area of ME cavity (ME %), for each of 
representative portions of human ME system. 
med — medial, p — portion, lat — lateral, 
OWN — oval window niche, ST — sinus tym- 
pani, RWN — round window niche, ant — an- 
terior, post — posterior. 





Fig 15. Photomicrograph of posterior tympanic cavity of 
left temporal bone of 2-day-old girl with intracranial 
hemorrhage (vertical section; H & E, original x7.7). Note 
that epitympanum (ET) and hypotympanum (HT) are 
largely filled with mesenchyme (Ж). Mesenchyme in 
mesotympanum (MT), however, has already nearly 
regressed. OWN — oval window niche, S — stapes 
footplate, TM — tympanic membrane, V — vestibule. 


potympanum, the sinus tympani, the round window 


niche, the oval window niche, and the mesotympanum 
(Fig 16). 
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METHOD FOR THE HISTOPATHOLOGIC ANALYSIS OF THE TEMPORAL BONE 
AND THE EUSTACHIAN TUBE AND ITS ACCESSORY STRUCTURES 


ISAMU SANDO, MD; WILLIAM J. DOYLE, PHD; HIDEJI OKUNO, MD; TETSUO TAKAHARA, MD; 
MASANORI KITAJIRI, MD; WILLIAM J. Coury III, MLT (ASCP) 


Supported in part by NIH grant NS 13787. 


This report appears in complete form in Ann Otol Rhinol Laryngol 1986;95:267-74. 
Presented at the Extraordinary Symposium on Recent Advances in Otitis Media With Effusion, Kyoto, Japan, Jan 12-15, 1985. 


А very important contribution to the study of OM, one 
of the diseases most often seen in pediatric patients, is the 
collection of temporal bone specimens that include the en- 
tire ET. During the last few years, we have collected over 
100 such specimens. Through these experiences our tech- 
nique has become refined. We now have some important 
suggestions to make to otologists who are interested in the 
histologic study of OM, as well as in the pathology of the 
ET and its relation to ME abnormalities. This report de- 
tails the method we have found to be most successful for 
removing temporal bone ET specimens. 


The area comprising the temporal bone specimen with 
the ET attached is shown in Fig 17. With the Stryker saw, 
the first vertical cut is made in the coronal plane near the 
anterior margin of the lesser wing of the sphenoid bone 
from the midline to the medial end of the lateral one third 
of the ala minor, including the hamulus and the TVP mus- 
cle around it in the specimen. The second vertical cut is 
made in the sagittal plane in the midline, from the body of 
the sphenoid through the hypophyseal fossa and clivus to 
the spheno-occipital synchondrosis. The third vertical cut 
is made in the axial plane beginning at the most posterior 
end of the second cut and running through the petro-oc- 
cipital suture and jugular foramen to the end near the 
marginal area between the.transverse sinus and the sig- 
moid sinus. The fourth vertical cut is begun just parallel to 
and close to the medial side of the squamous portion of the 
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Fig 17. View of interior of human skull base. Lines 1 to 5 
indicate cuts made to remove temporal bone including ET 
and its accessory structures (ET cartilage, ET glands, TVP 
muscle, LVP muscle). Foramen spinosum (large arrow) be- 
tween lines 4 and 5 is important landmark. Small arrow — 
internal auditory canal. 











Fig 18. Stryker saw with long blade attached. 


temporal bone and connects the most lateral edge of the 
third cut to the point on the coronal plane at which the 
foramen spinosum is located. The final vertical cut con- 
nects the most lateral end of the first cut and the most 
anterior edge of the fourth cut. 


After the skull base is cut as described, the palatine 
bone, pterygoid process of the sphenoid bone, and the 
posterior end of the alveolar process of the maxillary bone 
are severed from the anterior cranial fossa to the oral cavi- 
ty along the first cut and along the anterior half of the sec- 
ond and fifth cuts. This distance is so long that we devised 
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Fig | 19. pere obtained by method for removal de- 
scribed in this report. Note that specimen contains soft pal- 
ate (*) and orifice of ET (**). 
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a special long-bladed saw (Fig 18) to reach the mucous 
membrane of the palate. 


After al! the bony tissues between the skull base and the 
palatine area have been severed, a pair of straight, long, 
dull-pointed scissors is inserted through the anterior half of 
the slitlike space under the anterior half of the specimen. 
The mucous membranes of the hard and soft palates are 
cut so that they are not damaged when the temporal bone 
is removec. 


The other soft tissues are separated from the specimen in 
the following manner. The specimen is grasped firmly 
with lion-jawed forceps and pulled into the cranial cavity. 
With curved scissors, the soft tissues on the inferior surface 
of the posterior half of the specimen are cut as close to the 


specimen as possible in order to leave, in the skull, as much 
of the internal carotid and internal maxillary arteries as 
possible; this will facilitate later tying off of the ends. In 
contrast, as much soft tissue as possible is included in the 
anterior end of the specimen. 


When the temporal bone-ET specimen has finally been 
removed from the skull, the internal maxillary and inter- 
nal carotid arteries must be tied securely to preclude prob- 
lems with embalming. 


When properly removed, the specimen (Fig 19) includes 
the entire inner ear, internal auditory canal, ME, tym- 
panic membrane, ET, ET cartilage, ET gland, TVP mus- 
cle, LVP muscle, hamulus, and soft and hard palates. 


LYMPHOMA INVADING THE ANTERIOR EUSTACHIAN TUBE: 
TEMPCRAL BONE HISTOPATHOLOGY OF FUNCTIONAL TUBAL OBSTRUCTION 


TETSUO TAKAHARA, MD; ISAMU SANDO, MD; CHARLES D. BLUESTONE, MD; EUGENE М. MYERS, MD 


Supported in part by NIH grant NS 13787. 


This report appears in complete form in Ann Otol Rhinol Laryngol 1986;95:101-5. 


Presented a: the research forum sponsored by the Committee for Research in Otolaryngology, the American Academy of Otolaryngolo- 
gy-Head ard Neck Surgery, and the Association for Research in Otolaryngology, Las Vegas, Sept 15-20, 1984. 


The temporal bones of a man with poorly differentiated 
lymphocytic lymphoma, who had had a bilateral conduc- 
tive hearing loss and incomplete left-sided facial palsy, 
were obtained. Sections were prepared for histologic study 
by staining with hematoxylin and eosin and were exam- 
ined under the light microscope. The left temporal bone 
showed marked tumor cell involvement, not only of the 
lateral part of the cartilaginous portion of the ET in which 
the TVP muscle has been partially destroyed (Fig 20), but 
also in the anterior part of the temporal bone. A serous 
MEE was present, but the lumen of the ET was unaffected 
by tumor er inflammation. The pathologic findings in the 
right temporal bone were similar to those in the left, al- 
though the cartilaginous part of the ET and its surround- 
ing structures were not available for study. The pathogen- 
esis of OME appeared to be secondary to functional ET 
obstruction due to the dysfunction of the TVP muscle as a 
result of the tumor destruction. This case is the first to be 
reported in which functional ET obstruction secondary to 
tumor invasion of the active muscle dilator of the ET was 
histologically confirmed. 


Fig 20. Vertical section of middle of cartilaginous portion =» 


of left ET (H & E, original x12). TVP muscle is completely 
destroyed by tumor cells (Т). LVP muscle is compressed by 
tumor mediallv, but tubal lumen (L) is still open. Only 
tendon cf TVP muscle and surrounding connective tissue 
(arrows) remain intact. C — tubal cartilage. Top — supe- 
rior, left — medial, right — lateral. 





HISTOPATHOLOGY OF OTITIS MEDIA IN INFANTS WITH 


CLEFT AND HIGH-ARCHED PALATES 


MASANOEI KITAJIRI, MD; ISAMU SANDO, MD; YosHIE HASHIDA, MD; WILLIAM J. DOYLE, PHD 


Supported in part by NIH grant NS 13787. 


This report appears in complete form in Ann Otol Rhinol Laryngol 1985;94:44-50. 


The ME and the bony and cartilaginous portions of the 
ET were studied histopathologically in 20 temporal bones 


from 19 infants ranging from 45 minutes to 12 months of 
age. Otitis media was observed in 17 of 20 bones, and 16 
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bones with OM had an effusion. Otitis media was more 
severe in the ears of cleft palate infants than in those with 
high-arched palates. Inflammation was present in the 
bony portion of the ET in 15 of 17 temporal bones with 
OM, but appeared to be less marked than that present in 





the ME. In addition, inflammation of the cartilaginous 
portion of the ET appeared to be less severe than that of 
the bony portion (Fig 21). Inflammation of the ME and 
the ET appeared to be more pronounced in older infants, 
particularly in those with cleft palates. 





Fig 21. Left ear of 6-week-old in- 
fant with complete cleft palate (H 
& E, original x275). A) Round cell 
infiltration (arrow) is present in 
subepithelium of cartilaginous 
portion of ET. C — tubal carti- 
lage, L — tubal lumen. B) Moder- 
ate round cell infiltration (arrow) 
is seen in subepithelium of bony 
wall of ET. C) More severe round 
"e cell infiltration (arrow) than in 
B ET portions is seen in subepitheli- 
| um of promontory. B — bony wall 
of promontory, ME — middle ear 
space. 


MESENCHYME REMAINING IN TEMPORAL BONES FROM PATIENTS WITH 
CONGENITAL ANOMALIES: A QUANTITATIVE HISTOPATHOLOGIC STUDY 


TETSUO TAKAHARA, MD; ISAMU SANDO, MD 


Supported in part by NIH grant NS 13787. 


This report appears in complgig form in Ann Otol Rhinol Laryngol 1987;96:333-9. 


The purpose of this study was to confirm our hypothesis 
that more mesenchyme remains for a longer time in the 
ME clefts of infants with congenital anomalies in the ear 
and/or other parts of the body than in the ears of infants 
without such anomalies. 


One hundred four human temporal bones obtained 
from 81 individuals with congenital anomalies in the ear 
and/or other parts of the body, with ages ranging from 24 
weeks' gestation to 35 years, were processed histologically, 
stained with hematoxylin and eosin, and examined under 
the light microscope. The slides were projected under a 
microprojector, and the mesenchyme remaining in each of 


19 portions of the ME cleft was measured by compen- 
sating polar planimetry and expressed as a percentage of 
the total potential ME space in that histologic section. By 
comparing the findings in the present study with those of a 
previous study in which mesenchyme remaining in ears 
from normal age-matched controls was measured, we 
found the following. 


1. More mesenchyme remained for a longer time in the 
ME cavities of infants with congenital anomalies than in 
those of control infants (p< .01) (Table 15 and Fig 22). 
For example, at birth about 30% of the MEs of infants 
with anomalies were taken up by mesenchyme, but in nor- 


TABLE 15. AREAS* OF MESENCHYME AND MIDDLE EAR CAVITY IN TEMPORAL BONES 
FROM INDIVIDUALS OF DIFFERENT AGES 








No. of Area of Area of Mean Mesenchyme as % ME 

Age Group Bones ME (тт?) Mesenchyme (тт?) Anomalous Specimens Controls 

24 to 37 WG 16 5.64 « 2.36 2.132 1.26 41.52 24.3, NS 30.0 + 20.8 
0 to 30 d 28 6.50 2 2.25 1.792 1.19 29.1+ 16.2, p <.05 18.9+11.2 
] to 6 mo 22 6.40+2.01 1.70+ 1.26 26.92 19.7, p «.1 14.82 15.8 
7 to 12 mo 9 1.99.2 1.53 2.20 + 2.27 26.8 + 19.5, NS 14.3+ 14.6 
13 mo to 3 yr 9 6.03 + 2.02 1.18+ 1.25 20.5 17.4, NS 6.02 7.3 
3 yr 1 mo to 35 yr 20 7.07 2 1.06 0.462 0.74 5.42: 11.2, NS 3.12 3.0 
Total 104 6.41 +2.09 1.58 + 1.34 25.02: 20.9, p <.01 15.02 15.3 


ME — potential middle ear cavity, % ME — percentage of potential middle ear cavity, WG — weeks' gestation. Several babies were born prematurely 
and lived only a few days; their ages were corrected to expected gestational age. 


For statistical analysis of differences in amount of mesenchyme remaining (mean value of % ME) between bones from patients with congenital 
anomalies and controls, F test and Student's t test were used. NS — no statistically significant difference. 


* Expressed as sum of areas measured in three major portions (epitympanum, mesotympanum, and hypotympanum) of middle ear cavity. 
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Fig 22. Mean value of area of mesenchyme (МЕ %) re- 
maining as percentage of potential ME cavity (mesenchy- 
mal area + area of free air) as function of age in temporal 
bones from infants with congenital anomalies (@ M) 
and infants without any congenital anomaly (C) — — — 0). 
A — % ME in individual subjects with anomalies. (Ages of 
several babies who were born prematurely and lived only 
few days were corrected to expected gestational age.) 





mal infants' ears, only about 20% was taken up by mesen- 
chyme. In addition, the amount of mesenchyme remain- 
ing was in direct proportion to the degree to which 
development of the ME was anomalous: the most mesen- 
chyme remained in bones with severe ME anomalies; less 
remained in bones with mild ME anomalies or no ME 
anomaly (anomalies present only in the inner ear and/or 
other part of the body). From these observations, it seems 
that mesenchymal remnants are associated with retarda- 
tion in fetal development of the ME. However, even in the 
MEs of children with ME anomalies, the mesenchyme 


Fig 24. Area of mesenchyme remaining as per- 
centage of potential area of middle ear cavity for 
each of representative portions of middle ear 
space in individuals with congenital anomalies. 
For statistical analysis of difference in mean 
values of area of mesenchyme as percentage of 
area of potential ME cavity (7; ME) between 
bones from patients with congenital anomalies 
and those without anomalies, F test and Stu- 
dent's t test were used. Ma SD — mean val- 
ue + standard deviation, OWN — oval window 
niche, p — portion, RWN — round window 
niche, ST — sinus tympani, NS — no statistical- 
ly significant difference. 
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Fig 23. Photomicrograph of vertical section of left epitym- 
panum (ET) of boy, 3 years 11 months old, with hydro- 
cephalus, cleft lip, and cleft palate. Note that epitym- 
panum is largely occupied by mesenchyme (stars), CT — 
chorda tympani nerve, EAC — external auditory canal, 
FN — facial nerve, M — malleus, MEE — middle ear ef- 
fusion, MT — mesotympanum (Н & E, original x14.8). 


resolved gradually with increasing maturity and disap- 
peared, mostly by 3 years of age. 

2. Most mesenchyme found,in temporal bones of in- 
fants with congenital anomalies was seen in the mastoid 
antrum, followed by the epitympanum (Fig 23), the 
hypotympanum, the aditus ad antrum, the round window 
niche, the sinus tympani, the oval window niche, and the 
mesotympanum (Fig 24). This order was very similar to 
that in normal infants. 
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EUSTACHIAN TUBE FUNCTION 


WILLIAM J. DOYLE, PHD 


The ET provides for a potential anatomic continuity between the ME cavity and the nasopharynx. Both the ET and 
ME are derived embryologically from the first pharyngeal pouch, with the ET being a residual element of the stalk from 
which the ME cavity has expanded. The anatomic and histologic complexity of the ET and its associated musculature sug- 
gests that it is not simply a vestigial remnant of embryonic development, but persists as a functionally dynamic organ in- 
timately related to the physiologic integrity of the ME system. 

In the early years of the present century, the structure and function of the ET were much debated. Some investigators 
reported that the ET was constantly open, whereas others argued that it was closed and opened only by the action of the 
paratubal musculature, the exact muscle system responsible being only vaguely defined. Experiments performed in 1920 us- 
ing dogs showed the tube to be closed at rest and opened intermittently by the contraction of the TVP muscle.' These obser- 
vations were confirmed by indirect means for the ETs of humans and other mammals.? These research efforts also 
demonstrated that the membranocartilaginous portion of the tube is closed by passive mechanisms purportedly associated 
with the elastic recoil of the tubal cartilage and membrane, the resilience of the elastic connective tissue in the tubal walls, 
the extramural pressures of adjacent structures, and the tonus of the paratubal musculature. Results of these early studies 
showed that the ET effectively isolates the ME from the nasopharynx and yet provides transient communication between 
the two spaces. The purpose of our studies is to further define the physiology and pathophysiology of this structure in 
animal models and humans. 


REFERENCES 
1. Rich AA. Physiological study of the eustachian tube and its related muscles. Bull Johns Hopkins Hosp 1920;31:206-14. 
2. Perlman HB. The eustachian tube: abnormal patency and normal physiologic state. Arch Otolaryngol 1939;30:212-38. 


EUSTACHIAN TUBE FUNCTION IN THE RHESUS MONKEY MODEL 
OF CLEFT PALATE 


MARGARETHA L. CASSELBRANT, MD, PHD; WILLIAM J. DOYLE, PHD; 
ERDEM I. CANTEKIN, PHD; AMY S. INGRAHAM 


Supported in part by NIH grant DE 01697, Cleft Palate Center, University of Pittsburgh. 

This report appears in complete form in Cleft Palate ] 1985;22:185-91. 

Presented at the Midwinter Research Meeting of the Association for Research in Otolaryngology, St Petersburg, Florida, Feb 7-8, 1984. 
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To understand the effect of a palatal cleft on ET func- x AN AEN 
tion and ME status, a nonhuman primate model was de- зт» Ө ООо Ое ч Ө 
veloped with both juvenile and infant rhesus monkeys.'~* ——— —Á9 . 








In this animal model, impaired active tubal function and di 
recurrent or chronic OME were documented following 2 °° 
surgical clefting of the soft palate or of the hard and soft E e 
palates. Ae" 
In the present study, this model was used to evaluate the Rn ibt coe: 
effect of palatal healing on ET function in eight juvenile D 
rhesus monkeys. Following insertion of bilateral tym- "Fol 
panostomy tubes, baseline ETF tests on all ears were per- po 
formed over a 3-week period. Following this, a soft palate o 
cleft was made to the right of the midline from the uvula diii oiak 
to the posterior border of the palatine bone. At 1-week in- 2 10 
tervals, postoperative ETF tests were performed bilateral- E 
ly on all animals. The status of the cleft was examined 52 ° 
every 3 days after surgery. During the first few weeks, the 46 | 
cleft was reopened as necessary. After this, the palate was Si o 
allowed to heal completely. бе MEE ME CENE HR OMNE аа 
In Fig 25, the active function measures of the ET during TIME (wks) 
weekly testing are shown for both eazs of a representative Fig 25. Longitudinal display of measures of active tubal 
animal. The top and middle graphs show the equilibration function for right (solid line) and left (dashed line) ears of 
capacity as the percent of applied positive and negative representative animal. Top and middle graphs show per- 
ME pressure for the right and left ears as a function of centage of applied positive (SW +) and negative (SW —) 


time. Also shown is the palatal status at the time of testing ME pressures equilibrated by swallowing. Bottom graph 
' shows tubal dilation efficiency expressed as ratio of passive 


For the right ear (experimental side), the ability to reduce resistance (RO) to active resistance (RA), Also shown is 
applied positive pressure (SW +) and negative pressure palatal status at time of testings represented by filled, par- 
(SW —) by swallowing was depressed severely following tially filled, and open circles. 


36 


Stool & Bluestone, OMRC Progress Report — 1988 37 


the producton of a cleft palate. However, on healing, 
these functiens returned to baseline. In contrast, little to 
no change veas observed in these parameters for tests con- 
ducted on tae left ear (control side). The bottom graph 
shows the tubal dilation efficiency as a function of time. 
For this measure, the left ear was relatively unaffected; 
however, tests on the right ear showed abnormal ETF fol- 
lowing production of a cleft palate. With palatal healing, 
these values returned to baseline. 


The findir gs emphasize three important points with re- 
spect to the relation between tubal function and palatal 
integrity in his animal model. First, ETF was altered se- 
verely only эп the side on which the cleft was produced; 
the contrala-eral moncleft side was relatively unaffected. 
Second, the active function of the ET that reflects muscle- 
assisted tubal dilation was impaired more than the passive 
function of he ET. Third, the abnormal tubal function 
observed upon clefting was almost reversible with the 


healing of the cleft. 
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EFFECT OF PALATOPLASTY ON THE FUNCTION OF THE EUSTACHIAN 
TUBE IN CHILDREN WITH CLEFT PALATE 


WILLIAM J DOYLE, PHD; JAMES S. REILLY, MD; LINDA P. JARDINI, MA; SUSAN ROVNAK 
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Children with unrepaired palatal clefts are "at risk" to 
develop a mild to moderate fluctuating hearing impair- 
ment, which is recognized as a complication of the nearly 
universal presence of OME in this population. Past studies 
support a rde for ET dysfunction in the pathogenesis of 
this disease, and for the cleft palate children, an impair- 
ment in the lilaticn function was documented. However, 
the majority of these studies evaluated children who had 
tympanostomy tudes inserted for chronic or recurrent 
OM, a preeondition that effectively biases the study 
population о children with the poorest tubal function. 
Moreover, the prevalence of OM and, by implication, 
tubal dysfuaction was reported to decrease following 
palatoplasty though evidence for the latter is mostly in- 
ferential. 


To obviate this dias and provide data on the changes in 
tubal functien resulting from palatoplasty, we enrolled 24 
children with palatal clefts at 3 to 6 months of age in a 
longitudinal study of ETF and OM. In all children, tym- 
panostomy tubes were inserted bilaterally at З to 6 months 
of age as a r-ophy axis for impending bouts of OM. Thus, 
these children were enrolled for testing without bias due to 
present or feture presence of OM. Thirty-seven ears were 
evaluable before and after palatoplasty, which was per- 
formed usuzlly at approximately 18 months of age by a 
standard method. Testing was performed with the infla- 
tion-deflaticn and forced-response test protocols. 


The resuEs showed that in these unselected children 
with palata clefts, the majority of ears tested prior to 
repair of th« palatal defect (88%) evidenced the subjects' 
ability to acively dilate the ET by swallowing. This per- 
centage wasnot changed by palatoplasty. However, mea- 


sures of the passive properties of the tube, including resis- 
tance to airflow and peritubal pressures, were abnormally 
high in the ears tested before palatoplasty, but approached 
normal limits following palatal repair. 


These results suggest that the abnormally high peritubal 
pressures recorded in children with unrepaired palatal 
clefts is alleviated by the repair procedure. This probably 
is associated with the establishment of a mobile LVP mus- 
cle within the reconstructed velum. No difference in the 
measured efficiency of the tubal dilation system before 
and after palatoplasty was detected. Moreover, a surpris- 
ingly high percentage of ears tested evidenced a tubal dila- 
tion with swallowing. This is in marked contrast to previ- 
ously reported cross-sectional data’ for children with re- 
paired palatal clefts and tympanostomy tubes inserted for 
recurrent or chronic OM. In that population, less than 
30 % of the children had a documented ability to dilate the 
tube. These paradoxical results become explicable if it is 
accepted that poor tubal function predisposes a child to 
OM, that tubal function improves with advancing age, 
and that within the cleft palate population the disease be- 
comes chronic in a subset of children. It is suggested that 
the group of children in this study who were unable to di- 
late their ETs represent that subgroup that will manifest a 
chronic disease state. If this is true, tubal function tests 
could provide a prognostically valuable tool for the early 
detection of the cleft palate child “at risk” for chronic OM. 
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EUSTACHIAN TUBE FUNCTION IN CHILDREN WITH TYMPANOSTOMY TUBES 


ERDEM I. CANTEKIN, PHD 


This report appears in complete form in Auris Nasus Larynx 1985;12(suppl 1):546-548. 


Eustachian tube function was evaluated in a group of 47 
children with tympanostomy tubes who had previously 
documented persistent OME. Tubal function was assessed 
by the inflation-deflation and forced-response tests. The 
study children were between the ages of 2 and 11 years. 
The passive ET function parameters of these children were 
within the limits of normal children with uneventful 
otologic histories. However, their active tubal function 


was radically different from that of normal children; none 
of them could equilibrate negative pressure, and only four 
could equilibrate positive pressure. During the forced-re- 
sponse test, further dilation of the ET lumen by swallow- 
ing was observed in only five of these 47 children. The 
findings of the present study suggest that this observed tub- 
al dysfunction is secondary to a defect in the active func- 
tion. 


PROGNOSTIC VALUE OF EUSTACHIAN TUBE FUNCTION TESTING 


BEFORE TYMPANOPLASTY 


SCOTT C. MANNING, MD; ERDEM I. CANTEKIN, PHD; MARGARET А. KENNA, MD; 


CHARLES D. BLUESTONE, MD 


Supported in part by NIH grant NS 07270. 


This report appears in complete form in Laryngoscope 1987;97:1012-6. 


Presented at the meeting of the Southern Section of the Triological Society, Santa Fe, New Mexico, Jan 17, 1987. 


Poor ETF and prevalence of infectious ear disease are 
thought to be the reasons for the less successful outcome 
associated with tympanoplasty in children. Since both of 
these factors are related to age, identification of those pa- 
tients who may benefit from a delay in the surgery has 
been a concern of otolaryngologists. In an effort to in- 
vestigate the role of ETF on the outcome, we tested the 
tubal function in 63 ears (56 children) receiving tym- 
panoplasty for central perforations. In 49 ears (78%), the 
grafting resulted in an intact eardrum; of these, 33 had 
good ME function, eight developed persistent or recurrent 
OM, and eight had severe retraction or atelectasis. There 
was a significant association (p< .01) between outcome 
and preoperative tubal function as determined by combin- 
ing of the active and passive function parameters. How- 
ever, the prognostic value of tubal function testing was 
low; predictive values for success and lack of success being 


68% and 56%, respectively. Other factors, such as graft 
placement (medial or lateral),. contralateral ear status, 
and child's age, were not associated with outcome. This 
was consistent with other studies,'? in that good ЕТЕ was 
shown to predict good outcome, but poor tubal function 
was not helpful in predicting poor outcome. 
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EUSTACHIAN TUBE FUNCTION IN INFANTS AND CHILDREN 


WITH DOWN SYNDROME 


BENJAMIN L. WHITE, MD; WILLIAM J. DOYLE, PHD; CHARLES D. BLUESTONE, MD 


This report appears in complete form in Lim DJ, Bluestone CD, Klein JO, Nelson JD, eds. Recent Advances in Otitis Media With Effusion. 


Philadelphia: BC Decker, 1984:62-6. 


Since 1968, investigators have reported hearing loss in 
42% to TT% of the Down syndrome population.'?^ Most 
of the hearing problems were reported to be conductive in 
nature. 


Jahn and Becker* suggested that hearing loss in Down 
syndrome is secondary to an MEE brought on by ET 
dysfunction. No data have been reported on the ETF in 
the Down syndrome population. Therefore, the present 
study was designed to evaluate the function of the ET in 
patients with Down syndrome in order to determine 
whether dysfunction is present and, if so, to determine the 
characteristics of that dysfunction. 


The subjects were 14 children with Down syndrome. 
There were seven boys and seven girls ranging in age from 
8 months to 17 years 8 months, with a mean age of 9 years 
11 months. All children had functioning tympanostomy 
tubes that had been inserted because of chronic OME. Of 
the 14 subjects, eight were tested bilaterally and six 
unilaterally, yielding a total of 22 ears tested. Two dif- 
ferent protocols were followed in the testing procedures: 
inflation-deflation testing and forced-response testing. 


Twenty-two ears were evaluated by the inflation-defla- 
tion test. Of these, in only four (18%) was the child able to 
reduce positive ME pressure, and in only one (5%) was the 
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child able t» reduce negative ME pressure by swallowing. 


The mean opering pressure recorded for the Down syn- 
drome popalation in this study was 326+ 151 mm H20, 
and the mean closing pressure was 66 + 36 mm H20. 


Passive tubal resistance was determined at each of three 
flow rates: 12, 24, and 48 mL/min. The mean passive re- 
sistances recorded for these flow rates were 13.0 2- 4.6, 
6.8: 2.2, and 4.0 € 0.8 mL/min, respectively. 


The active tubal resistance is determined by dividing 
the steady state pressure by the maximum flow during a 
swallow. Ir the normal condition this value is always less 
than the passive tubal resistance recorded at a given flow 
rate. For the patients with Down syndrome studied, this 
relationship was true of only three ears tested. In one addi- 
tional ear the active resistance was equal to the passive 
resistance; this indicated that there was no change in 
either pressure or flow during swallowing. For this ear, 
the TVP muscle was ineffective in dilating the ET. For the 
remaining .8 ears, the active resistance was greater than 
the passive resistance, a condition that results from tubal 
constriction with swallowing. 


The present study showed a dysfunction of the ET in 
children with Dewn syndrome characterized by a low 
Passive tubal resistance, a low closing pressure, constric- 
tion of the ET оа swallowing, and inability of most of 
these children to equilibrate positive or negative ME 
pressure. 


Thus, patients with Down syndrome may represent a 
unique population group doubly at risk for OME because 
of two funetional abnormalities of the ET. First, the ET 
does not dilate and the ME is, therefore, subject to high 


negative pressures and MEE. Second, because of the low 
resistance, unwanted secretions from the nasopharynx can 
gain access more easily to the ME space, resulting in ME 
infection. 


These factors suggest that children with Down syn- 
drome are at high risk for OME and, consequently, hear- 
ing loss. Because developmental problems resulting from 
hearing loss may be magnified in the already mentally and 
physically handicapped child, aggressive treatment of 
even a seemingly minor problem at an early age may pro- 
vide considerable improvement in the quality of life of the 
handicapped child. 
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REVERSIBLE FUNCTIONAL OBSTRUCTION OF THE EUSTACHIAN TUBE 


MARGARETHA L. CASSELBRANT, MD, PHD; ERDEM I. CANTEKIN, PHD; DENNIS DIRKMAAT; 
WILLIAM |. DOYLE, PHD; CHARLES D. BLUESTONE, MD 


Presented at -he Midwinter Research Meeting of the Association for Research in Otolaryngology, Clearwater, Florida, Feb 1-5,1987. 


In the поаһитап primate model of OME, we have pre- 
viously shown that excision of transection of the TVP mus- 
cle results їп a functional obstruction of the ET.' This 
functional defect caused persistent MEE or high negative 
pressure for as long as the muscle remained ineffective in 
dilating the tuba! lumen. Also, the postoperative tubal 
function assessmeat by forced-response test showed pres- 
sure-flow patterns consistent with lumen constriction dur- 
ing swallowing. 


In an effcrt to create a reversible functional obstruction 
without surzical trauma in the paratubal regions, we used 
botulinum А toxin injections into the TVP muscle to 
paralyze this muscle. This method of muscle paralysis 
originally was developed for extraocular muscles to cor- 
rect strabismus-related problems. The experiment was 
conducted to address the following questions: 1) Can botu- 
linum toxin-paralvze the tensor muscle, thus creating a re- 
versible functiona! obstruction? 2) What is the effect of re- 
versible paralysis of the TVP muscle on ME? 3) What is 
the underlying mechanism of ET constrictions during 
swallowing” 


During the first experiment, two juvenile rhesus mon- 
keys (М mulatta) were used. After insertion of bilateral 


tympanostomy tubes, the TVP muscle was injected unilat- 
erally every 6 weeks with increasing doses of botulinum 
toxin (12, 20, 25, and 50 units), and the contralateral sides 
served as controls. The animals were tested weekly for 5 to 
6 weeks to assess the toxin's effect on tubal function. Re- 
peat injections were done by alternating the injection side 
from right to left after the return of tubal function to pre- 
injection levels. 


The postinjection tubal function was characterized by 
the absence of active tubal dilations during swallowing 
and by unchanged opening pressure and decreased closing 
pressure. The average postinjection weekly data for these 
repeated injections are shown in F ig 26 for tubal dilation 
efficiency (a ratio of active resistance to passive resistance) 
as well as two measures of passive function. When com- 
pared with the control side, the experimental side showed 
a significant decrease in dilation efficiency. During the 
first 3 weeks, the injected side had an average dilation effi- 
ciency of about 1 (equal values of active and passive 
resistance), indicating a complete paralysis of the tensor 
muscle. As shown by the good linear regression fit 
(т = 0.72), dilation efficiency gradually returned to prein- 
jection values after 19 weeks. Interestingly, during the 
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Fig 26. Effect of experimental paralysis of TVP muscle on 
ETF. Changes in dilation efficiency (top) and response of 
passive function parameters, opening pressure (middle), 
and closing pressure (bottom), are shown for a forcing- 
flow rate of 24 mL/min. Open circles — group mean 
preinjection values, error bars — standard error of mean. 
Also shown are linear regression fits with г? values. 


forced-response test, there Were neither dilations nor con- 
strictions secondary to the animals' swallowing activity. 


In the second experiment, we used six adult rhesus 
monkeys to determine the effects of TVP muscle paralysis 
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on ME status. Initially, the left tensor muscles were in- 
jected with 100 units of botulinum A toxin dissolved in 0.1 
mL of saline, and the right muscles were injected with the 
same volume of normal saline. Nine weeks later, the right 
muscles were injected with 100 units of toxin. Following 
injections, daily tympanograms were recorded for both 
ears. Most ears with tympanograms indicative of an effu- 
sion had a tympanocentesis. In Table 16, these ME find- 
ings are summarized for all 12 ears of the six animals 
following botulinum toxin injections. The injection of nor- 
mal saline did not affect the ME status. Five of the 12 ears 
had negative pressures exceeding — 100 mm H20 the day 
after the injections, and within 3 days postinjection, ten of 
12 ears had less than — 100 mm H20 pressure. However, 
average negative ME pressures never exceeded — 300 H20 
during the follow-up period. Ten of the 12 ears developed 
the flat tympanogram patterns associated with OME 
within 8 to 30 days (average, 16 days) after the muscle pa- 
ralysis. Serous effusions were recovered by tympano- 
centesis from all seven ears with flat tympanograms. The 
remaining three ears were not tapped in order to docu- 
ment the return to a normal tympanogram status. Recov- 
ery for those ears ranged from 13 to 32 days. 


The findings of the present study showed that a non- 
traumatic reversible functional ET obstruction is created 
easily by injection of botulinum toxin into the TVP mus- 
cle. Duration of paralysis was several weeks, resulting in 
high negative ME pressure and serous OM, and tubal 
function tests showed an abolished active function. During 
the period of paralysis, the tensor muscle showed no dis- 
cernible activity that could be recorded by the forced-re- 
sponse test; these findings suggest that the constrictions 
previously reported during the forced-response test could 
have been due to the abnormal activity of the TVP muscle. 
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TABLE 16. SUMMARY OF TYMPANOMETRIC FINDINGS FOR ALL EARS 


Days to Given ME Status in Each Monkey 


1 2 3 
ME Status R L R L RL 
Negative pressure” 
— 100 ] 1 2 1 9 J 
— 200 6 7 5 З NL ND 
— 250 8 7 o 6 NL ND 
Fluidt 27 30 13 14 NL 8 


NL — returned to normal ME status, ND — not done. 


4 5 6 
К І R L R L Average Days 
2 3 1 3 3 12 2.9 
БТ 7 ND 10 NL 6.3 
ND 9 14 ND 10 NL 8.4 
12 16 17 8 13 NL 15.8 


*In mm H20 determined by pressure value corresponding to tympanometric peak. 


{Flat tympanogram and direct observation (tap), indirect observation (gross examination through tympanic membrane), or significant change in curve 


shape or relative compliance ratio. 


PRIMATE MODEL OF CLEFT PALATE AND MIDDLE EAR DISEASE: 
RESULTS OF A 1-YEAR POSTCLEFT FOLLOW-UP 


WILLIAM J. DOYLE, PHD; AMY S. INGRAHAM; MOHAMED M. SAAD, MD, PHD; ERDEM I. CANTEKIN, PHD 


Supported in part by NIH grant DE 01697, Cleft Palate Center, University of Pittsburgh. 
This report appears in complete form in Lim DJ, Bluestone CD, Klein JO, Nelson JD, eds. Recent Advances in Otitis Media With Effusion. 


Philadelphia: BC Decker, 1984:215-8. 


To elucidate the pathogenesis and sequelae of OME in 
the cleft palate population, various animal models have 


been developed.'? In the present study, palatal clefts were 
created in infant rhesus monkeys, and ME status, ETF, 
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and hearing threshold were evaluated during a l-year 
follow-up. 


Nine rhesus monkeys less than 6 months of age were ob- 
served from 7 to 12 weeks preoperatively. Tympanometry 
and otomicroscopy were performed weekly to document 
ME status. Eustachian tube function was assessed for the 
left ears of all study animals by means of the inflation- 
deflation and forced-response tests described previously.? 
The hearing thresholds of the right ears of the animals 
were estimated by means of the ABR with methods and 
equipment described by Fria et al.* Following collection 
of these baseline data, animals were sedated and an inci- 
sion was made along the palatal midline from the uvula to 
the posterior border of the palatine bone. The midline 
membranous septum was excised. After surgery, ME sta- 
tus was monitored weekly. Auditory brain stem responses 
were elicited on the right ears, and ETF tests were con- 
ducted on the left ears periodically for a 1-уеаг period. 


Before surgery the right MEs of eight of the nine ani- 
mals remained free of effusions. The usual range of preop- 
erative ME pressure was from — 100 mm H20 to 100 mm 
H20, and of the 114 recordings for the right ears, only 
eight instances of negative pressure and one instance of 
positive pressure were outside this range. However, for 
one animal, 3 weeks of OME and 3 weeks of high negative 
pressure were recorded. 


After the palatal clefting, the right MEs of five animals 
showed evidence of a chronic ME disease lasting from 9 to 
25 weeks. Following this initial period, ME disease and 
OME recurred sporadically over the l-year period of 
study. In the remaining animals, the right MEs were 
characterized by periodic bouts of recurrent OME inter- 
rupted by periods of high positive, high negative, or nor- 
mal ME pressures. Overall, 37.5% of the observations 
were characterized by OME. 


Twenty-eight MEE samples were aspirated and sub- 
mitted for culture. Of these, 27 were shown to be sterile 
for pathogenic bacteria. Streptococcus pneumoniae was 
cultured from the effusion of one animal in the chronic 
OME group. Sixteen preoperative and 39 postoperative 
ETF tests were performed. 


The ability to reduce applied positive and negative ME 
pressures by open-nose swallowing was assessed during the 
inflation-deflation test. The residual pressure following at- 
tempted equilibration by swallowing was expressed as a 
percentage of the applied pressures and was designated 
SW + for positive pressure and SW – for negative 
pressure. The preoperative mean SW + ranged from 72% 
to 100%. For three animals the postoperative means were 
similar to their preoperative means. For the remaining six 
animals, the postoperative mean SW + values were sig- 
nificantly less and ranged from 36% to 51%. A similar re- 
lationship was characteristic of the SW — parameter. 


Four parameters of the forced-response test were evalu- 
ated at each of five constant flow rates. These parameters 
are opening pressure, closing pressure, passive tubal 
resistance, and active tubal resistance. There were no dif- 


ferences between the preoperative and postoperative mean 
values of opening pressure, closing pressure, and passive 
tubal resistance when they were evaluated at any of the 
flow rates. However, the postoperative mean value of ac- 
tive tubal resistance was always greater than the preoper- 
ative mean value, both for individual animals and for the 
group. This larger value of active resistance indicated a 
poorer ЕТЕ postoperatively. In 12.8% of the postopera- 
tive tests, the active tubal resistance was greater than or 
equal to the passive tubal resistance recorded at all flow 
rates, suggesting that the ET failed either to dilate or to 
constrict with swallowing. 


The ABR was chosen to evaluate the hearing threshold 
of animals in the present study.^ In a recent study of the 
maturation of this response, it was shown that the wave 
IV/wave I ratio was not dependent on the age of the 
animal, had low interanimal variability, and was sensitive 
to stimulus intensity.* Therefore, this ratio was used to 
estimate hearing threshold. Each animal had one ABR test 
prior to clefting. Following production of a cleft, 55 tests 
were performed. Thirty tests were conducted when the 
ME pressure was considered to be normal (+100 mm 
H20), five when the ME pressure was less than — 100 mm 
H20, and 20 when an MEE was present. The mean value 
of the IV/I ratio for both the nine preoperative tests and 
the 30 postoperative tests conducted with normal ME 
pressures was 3.00, which is in agreement with the mean 
value of 3.04 reported for control animals. However, the 
five tests conducted when high negative ME pressure was 
observed and the 20 done when OME was present had 
lower mean ratio values of 2.77 and 2.61, respectively. 
When mapped onto the intensity function, a mean loss of 
10 dB for the ears with high negative pressure and 20 dB 
for the ears with OME was estimated. In addition, the 
large standard deviations (0.32 and 0.33) associated with 
these conditions imply a highly variable degree of hearing 
loss. The hearing loss was a'transient phenomenon and 
solely determined by the ME condition. The resolution of 
the OME or abnormal pressure resulted in normal hearing 
without residual effects as measured. 
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ALLERGY AND IMMUNOLOCY 


PHILIP FIREMAN, MD 


The collaborative studies between the Division of Allergy and Immunology and the OMRC have continued to provide 
significant insight into the pathogenesis of OME. This productive research effort, also funded by grants from the National 
Institute of Allergy and Infectious Diseases (AI 19262) since 1982, has developed a clinical investigation model using human 
allergic volunteers and a comparable experimental model using the rhesus monkey. In order to critically evaluate the pro- 
cess by which allergic (immune) reactions are translated into ME disease, our research plan has been organized as follows: 
1) define the mechanisms by which allergic reactions in the nose and nasopharynx are translated into a dysfunction of the 
ET, 2) determine if this effect can be enhanced or modulated by other factors that alter the airway, and 3) define the conse- 
quences of this dysfunction with regard to the pathogenesis of OME. 


These studies have shown that provocative intranasal challenge with house dust mite as well as pollens in a dose response 
protocol induced allergic rhinitis as well as ET obstruction as an immediate allergic reaction within 30 minutes. Late phase 
allergic reactions were manifested as ET obstruction in many subjects. The dose of antigen that provoked rhinitis was less 
than that resulting in ET obstruction, and both were correlated negatively with patients’ serum IgE antibody titers. Pre- 
treatment with antihistamine-decongestants was effective in attenuating this ET obstruction. In attempts to investigate the 
ability of the ME mucosa to sustain an IgE-mediated reaction, we have not yet been able to document ME inflammation 
either physiologically or histologically after provocative antigen challenge in monkeys passively sensitized with human 
allergic sera. However, we have detected histamine in ME washings of passively sensitized monkeys following direct ME 
challenges with antigen. We have also documented substantial quantities of mediators of inflammation, including hista- 
mine, neutrophil chemotactic factor, and a prostaglandin F2a metabolite in MEEs of children with chronic OME. Intrana- 
sal provocation challenges with histamine have induced ET obstruction in juvenile monkeys more readily than in adult 
monkeys. In addition, intranasal provocative challenges with histamine in a dose response protocol induced ET obstruction 
in patients with allergic rhinitis, but not in normal subjects. 


HISTAMINE LEVELS IN CHRONIC OTITIS MEDIA WITH EFFUSION 


DAVID P. SKONER, MD; MARGARETHA L. CASSELBRANT, MD, PHD; ERNEST P. TANNER, MS; 
WILLIAM J. DOYLE, PHD; PHILIP FIREMAN, MD 


Supported in part by NIH grant AI 19262. 
This report appears as an abstract in Ann Allergy 1985;54:350. 


Presented at the meeting of the American College of Allergists, Bal Harbour, Florida, February 1985, and the 12th International Congress 
of Allergology and Clinical Immunology, Washington, DC, Oct 20-25, 1985. 


Otitis media with effusion is a common pediatric disease immediately for aerobic bacteria.’ The remaining fluid 
associated with ME inflammation and frequently morbid (50 to 200 д1.) was spun to remove cellular debris and then 
sequelae.' A variety of potent inflammatory mediators in- frozen at -70°C until assayed for histamine. At the time of 
cluding histamine, prostaglandins, chemotactic factors, tube placement, blood was obtained from a subgroup of 
macrophage inhibitory factor, complement, lysosomal en- these children for determination of corresponding plasma 
zymes, and kinins has been detected in MEEs of children histamine levels. Histamine was assayed by the methods 
with OME.?? A role for histamine in the pathogenesis and described by Dyer et al* and Verburg et al,’ with minor 
maintenance of the disease condition was emphasized by modifications. 


the results of a number of recent experimental studies.*? 
However, the significance of these findings is compromised 
by the use of a fluorometric assay with limited sensitivity 


Forty-two patients (age range, 0.7 to 23.0 years; medi- 
an age, 4.4 years) were studied. The male to female ratio 
was 1.8 to 1 and is similar to that reported in epidemiolog- 


and specificity* to determine histamine concentrations in ic studies of OME.” 

MEE. The purpose of this investigation was to determine | 

the concentrations of histamine in effusions of children A total of 59 effusions were obtained for analysis. Hista- 
with chronic OME by means of a highly specific and sensi- mine concentrations in these effusions ranged from 0 to 
tive single isotopic, enzymatic assay.*" 212.8 ng/mL, with a mean of 30.8 +43.2 ng/mL and a 


median of 19.0 ng/mL. Pretreatment of these samples 
with diamine oxidase (26.5 ng/mL) resulted in an average 


; 90.7% +6.6% reduction in assayed concentration, con- 
Hospital of Pittsburgh for suspected recurrent OME. The firming the reaction substrate to be histamine. Mean and 


diagnosis of OME was confirmed by otomicroscopy and tym- median MEE histamine levels were not si ifi j 

: gnificantly dif- 
panometry. Children with OME for more than 3 months, ferent in the left (mean, 24.4 + 36.6 ng/mL; median, 14.0 
which was unresponsive to antimicrobial therapy, were ng/mL) and right (mean 37.4448.2 ng/mL; median 
scheduled for tympanostomy tube insertion and studied. 21.5 ng/mL) ears of study subjects. In the group of 17 sub- 


All study subjects were recruited from the population of 
children referred to the Otolaryngology Clinic of Children’s 


Following a myringotomy incision and aspiration of ef- jects with bilateral MEEs, a significant correlation be- 
fusion, tympanostomy tubes were inserted in the usual tween the histamine concentrations of the corresponding 
fashion. Recovered effusions were classified visually as ser- right and left MEEs (r= 0.782) was determined (p< .01), 
ous, mucoid, or purulent.* These specimens were cultured suggesting that the events characterizing the progression of 
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Fig 27. Мап and median histamine concentrations of mu- 
соіа, purilen:, and serous MEEs. Histamine concentra- 
tions of mucoid effusions are significantly higher than 
those of cther two groups (p« .05; Student's t test). 


the inflamraatorv processes are similar in the two ears. 


Correspending plasma samples were assayed for hista- 
mine in 22s0f the subjects. The range of the plasma hista- 
mine conc=ntrations was 0 to 1.6 ng/mL, with a mean 
сопсепігаіхоп of 0.47 + 0.49 ng/mL and a median concen- 
tration of C55 ng/mL. These values are significantly lower 
than those-of the pair-matched MEEs for the same sub- 
jects. A significant relationship between the matching ef- 
fusion and plasma histamine concentrations could not be 
demonstra ed. 


The possble influence of a number of measured charac- 
teristics of the effusions on the histamine concentration 
was evaluated. Twenty-nine of the recovered effusions 
(49.2%) were classified as mucoid, 24 (40.7%) as serous, 
and six (1C.1%) as purulent. The means and medians of 
effusion hi*tamine concentration for each group are shown 
in Fig 27. In this sample, the mean histamine concentra- 
tion of the mucoid effusions (43.2 + 56.9 ng/mL) was sig- 
nificantly zreater than that of either the serous (17.9 + 
16.8 ng/miL) or purulent (22.5-+ 10.5 ng/mL) subtypes 
(Student's ` test; p< .05). 


All effusons were cultured for aerobic bacteria. The or- 
ganisms isclated from these MEEs that were considered to 
be pathogens included Н influenzae (n = 6), S pneumoniae 
(n = 4), and B catarrhalis (n = 2). Cultures of the remain- 
ing 39 MZEs either yielded nonpathogenic bacteria or 
were negzive for aerobic bacterial species. The MEEs 
were growed with respect to the pathogenicity of the 
bacterial i-olate. Mean and median histamine concentra- 
tions, respectively, for these groups were as follows: path- 
ogens, 46...+ 53.0 ng/mL and 30.7 ng/mL; nonpathogens, 
19.9+ 24.7 ng/mL and 12.2 ng/mL; and negative cultures, 
37.2+53.€ ng/mL and 19.8 ng/mL. The differences were 
not statistzcally significant. 


Epidemeologic variables including sex, age, and season 
at time of =ffusion aspiration were examined for a possible 
relationsh- to the histamine concentration of the effusion. 
There wer? no significant differences in histamine concen- 
trations о effusions recovered 1) from males versus fe- 
males, 2) from different age groups, or 3) during different 
seasons of the year. 


The results of this study confirm that high concentra- 
tions of hstamine are present in MEEs of children with 


OME. The concentrations of histamine are much lower 
than those reported previously, but this is likely due to the 
difference in the sensitivity and specificity of the various 
assays used. Our results showed no differences in MEE his- 
tamine concentrations among groups divided on the basis 
of age, sex, race, side of effusion, season of collection, bac- 
terial culture results, or cellular content of the effusion. 
Mucoid effusions had a significantly higher content of his- 
tamine than serous or purulent effusions. 


Histamine levels in MEE were much higher than those 
in corresponding plasma, and these measures showed no 
correlation. This suggests a local production of mediators 
within the ME cavity rather than a plasma transudation. 
The source(s) of inflammatory mediators in MEE is un- 
known at present. А cellular origin for the observed medi- 
ators is suggested, with mast cells representing the most 
likely candidates. Large numbers of mast cells have been 
reported to be present in the lamina propria of the ME lin- 
ing.'' Additionally, Berger et al’? reported markedly in- 
creased (twofold) numbers of ME mast cells in individuals 
with chronic inflammatory ME disease as compared to 
those with acute inflammation or normal ME linings. 
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Otitis media with effusion is a common pediatric disease 
associated with ME inflammation and frequent sequelae. ' 
A variety of potent inflammatory mediators have been de- 
tected in MEEs of children with OME.’ A role for mast 
cell-derived mediators in the pathogenesis and main- 
tenance of the disease condition was emphasized by the re- 
sults of a number of recent experimental studies.** The 
purpose of this investigation was to determine the activity 
of neutrophil chemotactic factor of anaphylaxis (NCF) in 
effusions of children with chronic OME and to correlate 
these levels with those of a second mast cell-derived medi- 
ator — histamine. The MEE activity of NCF, a high mo- 
lecular weight, heat stable mediator of inflammation, has 
not been previously reported. 


All subjects were recruited from the population of chil- 
dren referred to the Otolaryngology Clinic of Children’s 
Hospital of Pittsburgh for a suspected recurrent OME. 
This diagnosis was confirmed by otomicroscopy and tym- 
panometry. Children with OME for longer than 3 
months, which was unresponsive to antimicrobial thera- 
py, were scheduled for tympanostomy tube insertion and 
studied. 


After a myringotomy incision and aspiration of effu- 
sion, tympanostomy tubes were inserted in the usual 
fashion. The recovered effusions were classified visually as 
serous, mucoid, or purulent.* These specimens were cul- 
tured immediately for aerobic bacteria,* and a subset was 


submitted for complete cell count by Coulter Counter and 
differential. The remaining fluid (50 to 200 4L) was spun 
to remove cellular debris and frozen at -70?C until as- 
sayed for NCF and histamine. At the time of tube place- 
ment, blood was obtained from a subgroup of these chil- 
dren for determination of corresponding plasma NCF 
levels. Plasma samples were stored at -70°C until assayed 
for NCF. 


Histamine was assayed by the methods described by Dyer 
et al' and Verburg et al,* while NCF was assayed by a 
modified Boyden chamber assay as previously described.? 
The results for NCF were expressed as a percentage of pos- 
itive control and calculated by the following formula: 


sample cell count-negative control count , 100 
positive control count-negative control count 


Eighteen ME fluids were assayed for NCF activity. The 
NCF activity of MEE (range, 0% to 688% of positive con- 
trol) exceeded that observed in simultaneously obtained 
plasma samples (range, 0% to 86% of positive control) in 
eight of the 13 subjects. Comparison of NCF activity in 
MEE versus plasma disclosed a significant difference be- 
tween the two groups (Fig 28). Normal plasma NCF ac- 
tivity is not well established; however, if the mean activity 
of all plasma samples (24 %) is used as a reference, nine of 
18 effusions (50%) exceed that value. Comparison of NCF 
activity with histamine content of MEE revealed no sig- 
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nificant cor-elation. Likewise, no direct correlations were 
observed be-ween the degree of NCF activity and the per- 
centage of neutrophils in the effusions, positive results of 
MEE cultuze for aerobic pathogens, or fluid character. 


The resuks of this study document that high concentra- 
tions of МС are present in MEEs of some children with 
OME. This-activity did not correlate with the concentra- 
tion of a seeond mast cell-derived mediator — histamine 
— nor with fluid characteristics or culture results. These 
results suggest thet NCF is an important mediator of the 
associated ME inflammation in some children with OME. 
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Histamin- has diverse biologic activities, including the 
mediation c- inflammation associated with hypersensitivi- 
ty disorders Our laboratory recently reported markedly 
elevated histamine concentrations in MEEs of children 
with chronic OME. High levels of histamine were ob- 
served in cu ture-positive effusions, particularly those that 
yielded Н irfluenzae. The purpose of this study was to de- 
termine if h- stamine is released or generated during acute 
ME inflammatory reactions induced by ME bacterial 
pathogens c- bacterial by-products. 


Aseptical-y collected effusions were recovered 2 to 4 
days after 0 1 mL of a bacterial inoculum, or 200 ug/ear E 
coli endotozin inoculum (in trypticase-soy broth), was in- 
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Fig 29. Histamine concentrations (ng/mL) of 
chinchilla MZEs incuced by inoculation with Н 
influenzae, S pneumoniae, and E coli endotox- 
in. 


HISTAMINE (ng/mL) 


jected into the bullae of 25 chinchillas. The bacterial inoc- 
ulum consisted of either 500 CFU/ear of H influenzae, or 
15 CFU/ear of S pneumoniae, type ТЕ. Effusions were cul- 
tured for bacteria and ipn, Col histamine content by 
use of a modified radioenzymatic method. ' 


As shown in Fig 29, histamine concentrations were ele- 
vated in effusions induced by each of the inocula. The 
highest concentrations were observed in MEs inoculated 
with Н influenzae (п = 14; range, 0 to 87.5 ng/mL; me- 
dian, 70.3 ng/mL), followed by those inoculated with en- 
dotoxin (п = 17; range, 1.7 to 109.1 ng/mL; median, 10.3 
ng/mL) and S pneumoniae (n= 10; range, 1.9 to 40.6 ng/ 
mL; median, 7.4 ng/mL). The differences among the 
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three groups were not statistically significant. 


These results indicate that significant amounts of hista- 
mine are released or generated in the ME of chinchillas 
during acute inflammatory processes. Since histamine ele- 
vations were observed following inoculation with endo- 
toxin as well as with ME pathogenic bacteria, we conclude 
that the presence of viable bacteria is not a prerequisite to 
the release or generation of histamine in acute OME. 
These results suggest that histamine is an important medi- 


ator of the inflammation associated with acute OME. Our 
laboratory currently is extending these observations to in- 
clude the measurement of histamine in effusions of chil- 
dren with acute OME. 
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Allergy and Immunology, New York, March 16-20, 1985. 


Recent studies in our laboratories have shown that in 
sensitized adults with documented seasonal allergic rhini- 
tis, provocative intranasal pollen challenge resulted in 
signs and symptoms of allergic rhinitis (AR) and eusta- 
chian tube obstruction (ETO).' Subsequent dose response 
studies? documented an inverse relationship between the 
antigen dose that provoked the response and the subject’s 
specific IgE antibody titer. Our purpose was to study the 
function of the ET following intranasal challenge with a 
perennial inhalant allergen, Dermatophagoides farinae. 


Twenty-three human adult volunteers (11 men, 12 
women; age range, 18 to 58 years) with histories compati- 
ble with perennial AR, but not asthma or OME, were 
studied when symptom frge. Hypersensitivity to house 
dust mite, D farinae, was confirmed by skin testing and 
specific serum IgE antibody determination (range, 1.2% 
to 30.9%, bound/total; median, 15.4% bound/total) by 
the RAST technique.’ 


On the day of challenge, baseline ETF tests and anterior 
nasal rhinomanometry were performed as previously de- 
scribed.’ The challenge sequence was then initiated with 
weighted amounts of dry mite (D farinae) whole culture 
(Pharmacia). For each challenge, a known quantity of dry 
mite was placed on a glass slide, and while the contralat- 
eral nostril was occluded manually, the dry mite powder 
was inhaled into the nasal cavity via a tube. The procedure 
was then repeated for the other nostril so that each nasal 
cavity received half the total dose. Eustachian tube func- 
tion tests and anterior rhinomanometry were repeated 15 
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to 20 minutes after each challenge. Progressively increas- 
ing doses of antigen (0.5, 1.0, 5.0, and 10.0 mg) were ad- 
ministered until ETO was documented. If ETO was not 
observed after the 10.0-mg dose, the study was discontin- 
ued. Rhinomanometric and ET tests were repeated 2 
hours after documentation of ЕТО. 


During baseline testing, a consistent tubal dilation with 
swallowing was documented in 40 ears of 23 subjects. On 
the day of allergen challenge, baseline tubal function tests 
were performed on these 40 ears and the total nasal air- 
way resistance was recorded for the 23 subjects. Both tests 
evidenced normal prechallenge values for all subjects. 
Following challenge with allergen, ETO developed in 22 
of the 40 ears (55%) and nasal obstruction occurred in 16 
of the 23 subjects (70%). Figure 30 shows the dose of aller- 
gen that elicited these responses. Eustachian tube obstruc- 
tion developed in five ears after challenge with 0.5 mg, in 
two ears with 1.0 mg, in 11 ears with 5.0 mg, and in four 
ears with 10.0 mg. Of the 17 individuals in whom both 
ears were tested, 13 (76%) developed bilateral tubal ob- 
struction with the same antigen dose. Two hours after the 
dose challenge, the tubal function was reevaluated. Of the 
22 ears with a documented obstruction, 21 (95%) were 
unobstructed at follow-up. Nasal obstruction occurred in 
eight individuals following challenge with 0.5 mg of mite 
antigen, in three with 1.0 mg, and in five with 5.0 mg. A 
clear rhinorrhea, pruritus, sneezing, and congestion gen- 
erally preceded the development of the nasal obstruction. 
The antigen dose resulting in nasal obstruction could not 


Fig 30. Distribution of nasal and ET obstructing 
antigen doses for study subjects. NO — nasal ob- 
struction. 
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be determined in three individuals, in whom the challenge 
sequence was discontinued because of the prior develop- 
ment of ETO. Additionally, four individuals did not show 
evidence of nasal obstruction at the maximum antigen 
dose of 10.0 mg. As in previous experiments,'? nasal ob- 
struction preceded the development of ETO in the majori- 
ty of subjects. 


The relationship between the physiologic responsiveness 
of the subjects and their serum IgE antibodies was evalu- 
ated. Using the median test, a significant difference be- 
tween specific IgE antibody titers for responders (obstruc- 
tion detected) and nonresponders (no obstruction detected) 
was documerted for both nasal resistance (p< .02) and 
tubal function (p< .05). 


The resultsaof this study show that intranasal challenge 
with the pereanial allergen D farinae provoked symptoms 
of allergic rhinitis, increased nasal airway resistance, and 
impaired the function of the ET in certain adult volun- 
teers with allergic hypersensitivity to house dust mite. In- 
dividuals whe showed a response to the provocative chal- 
lenge had significantly higher specific serum IgE antibody 
titers than those individuals who did not respond to the 


challenge. These results are similar to those reported pre- 
viously for intranasal challenge with pollen antigens,'? 
and they confirm that both seasonal and perennial aller- 
gens can induce ETO by an IgE-mediated reaction at the 
site of the nose and nasopharynx. House dust mite, because 
of perennial allergenicity, may be an important environ- 
mental trigger for provoking ETO and potentially OME 
following natural exposure. 
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Eustachian tube obstruction is a predisposing factor in 
the development of OME. Recent studies from our labora- 
tory have shown that provocative intranasal challenges 
with both seasonal and perennial allergens resulted in im- 
mune-mediated ETO and AR in sensitive patients. The 
purpose of this study was to determine if ETO develops in 
AR patients during ragweed pollen season. 


АП study patients had AR with positive skin tests (25 
mm wheal) to intradermal injection of ragweed (100 pro- 
tein nitrogen units/mL). During the 1981 through 1983 
ragweed seasons, adults without a history of OME were 
enrolled, while for the 1984 season, children with previ- 
ously documented recurrent OME were studied. Measure- 
ments of ETO were obtained by the nine-step pressure 
swallow tes prior to ragweed season and subsequently 
every 7 to 1) days during natural pollen exposure as docu- 
mented by pollen counts. Symptom scores as well as medi- 
cation diaries were recorded by all subjects. 


For all seasons, the development of ETO coincided with 
the rise in ragweed pollen counts. For the 1984 pollen sea- 
son (Fig 3l, the percentage of ETs with obstruction in- 
creased from 55% to 85% during peak pollen exposure. 
This percertage subsequently decreased to below presea- 
son baselines, coincident with the decrease in pollen expo- 
sure. In some patients, ETO persisted beyond the end of 
the pollen season. In adults, the percentage of ears with 
ETO increased 8 % to 20% above the preseason baseline 
during the 1981 through 1983 seasons. 


These results suggest that natural pollen exposure can 
contribute to the development of ETO, especially in chil- 
dren with a history of OME. Further studies to confirm 
these results are planned. 
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Fig 31. Ragweed pollen counts and percentage of ETs 
manifesting obstruction before, during, and after 1984 
ragweed season. GR — grains. 


48 Stool & Bluestone, OMRC Progress Report — 1988 


EUSTACHIAN TUBE OBSTRUCTION AFTER HISTAMINE NASAL PROVOCATION: 
A DOUBLE-BLIND DOSE RESPONSE STUDY 


DAVID P. SKONER, MD; WILLIAM J. DOYLE, PHD; PHILIP FIREMAN, MD 
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This report appears in complete form in J Allergy Clin Immunol 1987;79:27-31. 
Presented at the meeting of the American Academy of Allergy and Immunology, New Orleans, March 22-26, 1986. 


Recent studies in both patients with AR'? and passively 
sensitized rhesus monkeys?’ have shown that transient ETO 
results from intranasal antigen challenge. Intranasal chal- 
lenge of nonsensitized rhesus monkeys with histamine, a 
primary mediator of the allergic reaction, produced simi- 
lar results,* demonstrating that histamine could mediate 
the development of ETO. Walker et al* reported that, fol- 
lowing a single intranasal histamine challenge, human 
atopic subjects developed ETO more frequently than non- 
atopic subjects. From these data, they suggested that the 
ET of atopic subjects is hyperresponsive to histamine. The 
purpose of this study was to determine the dose response 
characteristics of this phenomenon by use of a double- 
blind crossover design. 


Healthy, nonsmoking adult subjects (age range, 20 to 31 
years) without a history of ear disease or asthma were 
studied. Subjects with AR had a history of seasonal or 
perennial nasal symptoms, elevated total serum IgE 
(range, 343 to 528 IU/mL) by FAST,‘ positive skin tests 
(>5 mm wheal), and specific serum IgE antibodies 
(RAST") to ragweed (1.4% to 24.2% bound/total), grass 
(1.5% to 26.2% bound/total), or house dust mite (0.5% to 
30.9% bound/total). Subjects without AR did not have a 
history of seasonal or perennial nasal symptoms or aller- 
gies. 

Five AR and five nonallergic subjects were identified 
and randomly assigned to a double-blinded intranasal 
challenge with either increasing doses of histamine or re- 
peated doses of a saline control. Subjects were then chal- 
lenged with the other solution approximately 1 week later. 
Nasal function and ETF were assessed by anterior rhi- 
nomanometric’ and nine-step tympanometric techniques? 
at baseline and 3 to 5 minutes after each challenge. If at 
least one ET maintained normal function, the challenges 
were repeated 20 minutes later using the next higher dose 
of histamine. Histamine doses (expressed as milligrams of 
histamine base) were increased as follows: 0.01, 0.1, 0.5, 
1.0, 5.0, and 10.0 mg/nostril. Saline concentrations were 
uniform for each of the six potential challenges. These 
were repeated until bilateral ETO was detected or the 
final challenge dose was administered. Following comple- 
tion of these challenges, each subject was skin tested in- 
tradermally with increasing doses of histamine (0.001, 
0.005, 0.01, 0.05, and 0.1 mg histamine base/nostril). 


The mean areas of skin responses of the AR and nonal- 
lergic groups to histamine and saline were compared. A 
steady increase in mean areas of the wheal and flare with 
increasing concentration of histamine was observed. No 
significant differences were observed in either wheal or 
flare between AR and nonallergic subjects. 


Before challenge, the nasal airway resistances for both 
AR and nonallergic subjects were similar to those gen- 
erated by normal individuals. Baseline ETO was observed 
unilaterally in one AR subject. All other subjects had nor- 
mal ETF. For the post-challenge nasal resistance data, the 
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Fig 32. Cumulative percentage of ears with ETO in AR 
and nonallergic subjects following provocative intranasal 
challenge with histamine or saline. Numbers on horizontal 
axis indicate position of each dose in sequence of chal- 
lenges. (Saline doses were uniform for all challenges; hista- 
mine doses were 1 = 0.01 mg/nostril, 220.1, 320.5, 4= 
1.0, 52 5.0, and 6 = 10.0.) 


logarithm of histamine dose was plotted against the corre- 
sponding logarithm of the nasal resistance for each sub- 
ject. The median values of the slopes (0.16 and 0.17) and 
intercepts (0.91 and 0.94) of the fitted regression lines 
were similar for the AR and nonallergic groups. 


The frequencies with which ETO was detected follow- 
ing histamine and saline nasal provocations are shown as a 
cumulative percentage in Fig 32. For the nine ears of AR 
subjects, ETO developed in five ears (56% ) at 0.1 mg/nos- 
{тїї and in four ears (100%) at 0.5 mg histamine/nostril. In 
seven of these nine ears (78%), normal function was ob- 
served at follow-up 1 to 2 hours later. For the ten ears of 
nonallergic subjects, ETO developed in two ears (20%) at 
a dose of 5.0 mg/nostril (same individual) and did not 
develop in the remaining eight ears at doses up to 10 mg 
histamine/nostril. Following the saline challenges, ETO 
developed in three ears (33%) of two AR subjects and in 
one ear (10%) of a nonallergic subject. 


The results of the dose response study show that follow- 
ing provocative intranasal histamine challenge, all ears of 
AR subjects developed ETO at relatively low histamine 
doses (x 0.5 mg/nostril). In contrast, even at maximum 
histamine concentrations (10 mg/nostril), only one nonal- 
lergic subject developed ETO. Thus, subjects with and 
without AR are easily distinguishable by the histamine 
dose at which ETO developed. Using the methods of the 
present study, a similar hyperresponsiveness of the nasal 
mucosa or the dermal skin layer to histamine challenge 
could not be demonstrated in AR subjects. 


The factors responsible for the observed tubal hyperre- 
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sponsiveness te histamine are not known. A study to inves- 
tigate the porential histamine receptor(s) involved has 
been initiated with specific НІ and H2 receptor antago- 
nists. Results əf this study are forthcoming. 
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This report apeears in complete form in J Allergy Clin Immunol 1985;76:551-6. 


To evaluate the role of AR in the development of ET 
obstruction and OME, 23 rhesus monkeys with bilateral 
tympanostorry tubes were passively sensitized with aller- 
genic serum гот adult human volunteers. Sensitization 
was confirmed by the RAST test (RAST = 10.5% to 31.7% 
bound/total) and ETF was evaluated before and after 
pollen challenge. Thirty-two nostrils were challenged 
with a poller to which the animals were sensitized, and 14 
were challerged with a control pollen to which the 
animals were not sensitized. The results showed that the 
active tubal unction was impaired significantly, and the 
passive funcion variables were increased following an- 
tigen challerze. These functions were not affected by the 
control polle: challenge. 


To furthercharacterize this relationship, ETF was eval- 
uated in nonsensitized rhesus monkeys before and after in- 
tranasal cha: enge with various doses of histamine, a pri- 
mary mediaor of allergic reactions. Five experiments 


were conducted on juvenile monkeys, and ten experiments 
were conducted on adult monkeys. For the experiments in 
juvenile animals, functional ETO was documented in six 
ears after a dose of 0.5 mg of histamine, in two ears after a 
dose of 1 mg, and in two ears after a dose of 4 mg. In con- 
trast, of the ten experiments conducted in adult animals, 
ETO developed in two ears following a dose of 1 mg of his- 
tamine and in two ears following a dose of 4 mg. Eusta- 
chian tube obstruction did not develop in six ears at doses 
as high as 8 mg of histamine. The dose response pattern for 
all responding ears was similar. 


These data are similar to those reported for the various 
challenges in human volunteers and suggest that type I al- 
lergic reactions at the site of the nasopharyngeal mucosa 
disrupt the normal function of the ET by a mechanism 
potentially mediated by histamine. Thus, they provide ex- 
perimental support for the role of allergy in the develop- 
ment of ETO and OME. 


ROLE OF ALLERGY IN THE PATHOGENESIS OF OTITIS MEDIA WITH EFFUSION 


WILLIAM J. DOYLE, PHD; TETSUO TAKAHARA, MD; PHILIP FIREMAN, MD 


Funded in par’ by NIH grant AI 19262. 


This report ap»ears in complete form in Arch Otolaryngol 1985;111:502-6. 
Presented at th= meeting of the Association for Research in Otolaryngology, St Petersburg, Florida, Feb 3-7, 1985. 


To explair an allergic basis for the development of 
OME, it wassuggested that the ME mucosa can act as an 
allergic "shock organ." To evaluate this possibility, 16 ju- 
venile rhesus monkeys were passively sensitized to pollen 
by intraveno- s injection of allergic human serum. All ears 
were then ch .llenged by insufflation of pollen via the nose 
and ET twic- daily for 4 to 5 days. Daily tympanometry 
and otomicrcscopy were performed, and on the last day of 


challenge, tympanocentesis was done to recover effusions. 
Five animals were killed and the MEs were processed for 
histologic study. The results showed that none of the ears 
developed an MEE or OME. It is concluded that ME chal- 
lenge with an appropriate pollen antigen in passively sen- 
sitized rhesus monkeys does not initiate an inflammatory 
reaction in the ME or induce OME. 


MANAGEMENT 


ELLEN M. MANDEL, MD 


The ultimate goals of the OMRC are to find safe and effective methods to treat OM and prevent its occurrence. Ran- 
domized, controlled trials of the efficacy of various antimicrobial agents for treating and preventing acute and nonacute 
OME are in progress, as are evaluations of the common methods of surgical management, which include myringotomy 
with and without tympanostomy tube insertion and adenoidectomy with and without tonsillectomy. Besides the traditional 
medical and surgical approaches to ME disease, other methods of management, such as use of a modified Valsalva's maneu- 
ver, are being evaluated. These many trials provide information not only on the efficacy of the various therapeutic and pro- 
phylactic modalities, but also on the course of ME disease and associated prognostic factors that we hope will lead to new 
and better methods of management and prevention in the future. 


Clinical Trials 


MYRINGOTOMY WITH OR WITHOUT TYMPANOSTOMY TUBE 
FOR CHRONIC OTITIS MEDIA WITH EFFUSION 


ELLEN M. MANDEL, MD; CHARLES D. BLUESTONE, MD; JACK L. PARADISE, MD; 
HOWARD E. ROCKETTE, PHD; DANIEL S. ScHAID, PHD; ROBERT J. NOZZA, PHD 
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This report appears in part in Lim DJ, Bluestone CD, Klein JO, Nelson JD, eds. Recent Advances in Otitis Media With Effusion. Philadel- 
phia: BC Decker, 1984:308-12. 


Presented in part at the Fourth International Symposium on Recent Advances in Otitis Media With Effusion, Bal Harbour, Florida, June 
1-4, 1987. 


The goal of this randomized clinical trial was to com- was obtained were divided into two groups: 1) those who 
pare, in subjects between 7 months and 12 years of age who had “significant” hearing loss or symptoms, for whom it 
had chronic OME of at least 8 weeks’ duration that was was felt to be unethical to withhold some type of surgical 
unresponsive to medical treatment, the relative efficacies procedure, and 2) those who did not have “significant” 
of myringotomy alone and M & T to a control group (no hearing loss or symptoms, who were eligible for observa- 
surgery). Preentry treatment with amoxicillin and a de- tion only as well as the two surgical treatments. “Signifi- 
congestant-antihistamine (Novafed A) was given to stan- cant” hearing loss was defined as a pure tone average 
dardize the subjects as much as possible prior to entry into greater than 20 dB in both ears or greater than 40 dB in 
the trial. Eligible subjects from whom informed consent one ear. Significant symptoms were defined as otalgia, 


TABLE 17. DISTRIBUTION OF SELECTED PATIENT CHARACTERISTICS AT ENTRY 
ACCORDING TO TREATMENT GROUP 





M © T-I (N = 109) Ме T-II (N =111) 

Characteristic NS M MGT Total NS M M & T Total 
Significant hearing loss and/or symptoms 

Without 29 27 30 86 35 39 37 111 

With 0 12 11 23 0 0 0 0 
Age group 

7 to 23 mo 7 13 14 34 12 11 19 35 

2 to 5 yr 17 17 2] 55 18 2] 37 56 

6 to 12 yr 5 9 6 20 5 7 8 20 
Duration of OME 

2 to 3 mo 9 16 16 4] 12 13 13 38 

4 to 5 mo 3 7 7 17 1 10 7 24 

6 to 12 mo 4 4 15 9 4 5 14 

>12 то 0 3 1 4 0 0 0 

Unknown 13 9 10 32 11 19 12 35 
бех 

Male 22 29 29 73 22 25 27 74 

Female 7 17 12 36 13 14 10 37 
Race 

White 22 97 32 81 24 97 29 80 

Black 7 12 9 28 11 14 8 3l 


NS — no surgery, M — myringotomy, M & T — myringotomy with insertion of tympanostomy tubes. 
90 
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vertigo, or tnnitus. After subjects were divided into these 
two groups. they were randomly assigned within each 
group by aœ and duration of the entry episode of OME. 


Each subject returned to the special OMRC facility for 
examinatior every month for 1 year, and also for every 
ear, nose, az d throat illness that occurred at a time other 
than routine monthly examination. The first year of obser- 
vation of ea-h child was part of a study funded by the Di- 
vision of Maternal and Child Health. Because many ques- 
tions could aot be answered in just 1 year of observation, 
particularly-in the children with tympanostomy tubes, all 
entered children were followed monthly for an additional 
2 years (this period was funded by the OMRC grant). 


Subjects who were assigned randomly to the control 
group were-followed throughout the study for persistence 
and recurreace of disease, and they were treated medically 
(with amoxecillin and Novafed A for 2 weeks) for the lat- 
ter. If a pu ulent upper respiratory tract infection or any 
other illnes requiring antimicrobial therapy supervened, 
appropriate therapy was administered. If a child devel- 
oped "signiscant" hearing loss, symptoms (ie, otalgia, ver- 
tigo, or tianitus), or progressive tympanic membrane 
changes (atelectasis or a retraction pocket), M & T was 
performed and the child was considered a "treatment fail- 
ure,” the “@reatment” being the absence of active surgical 
treatment. 


Subjects who were assigned randomly to the myringoto- 
my group уеге followed for persistence or recurrence of 
OME at menthly intervals. When MEE was present at the 
first montHy visit after the myringotomy, it was consid- 
ered persistent disease; if it was still present 2 months after 
the proced-re, the child received another myringotomy. If 
a child required a third myringotomy during a 12-month 
period, M & T was performed and the child was consid- 
ered a "tre tment failure" for myringotomy. 


When subjects who were assigned randomly to the M & T 
treatment »ption were examined at their monthly visit and 
were foun4 to have a nonfunctioning tube (either sponta- 
neously ex ruded or obstructed) and no OME, they were 


followed for recurrence of OME. If OME recurred, medi- 
cal treatment was given for 2 weeks; if the effusion per- 
sisted for 2 months, the patient received another M & T. 
However, if a third M & T was indicated within a 12- 
month period, the child was considered a "treatment fail- 
ure." All subjects who became "treatment failures" were 
still followed and examined monthly for the remainder of 
the study. 


The primary end points were number of months with 
OME, number of episodes of acute OME, and number of 
subjects meeting "treatment failure" criteria. Secondary 
end points were hearing loss, tympanic membrane disease, 
patency of tympanostomy tubes, and number of surgical 
procedures. 


From the beginning of the study in September 1979 until 
June 1981, 112 patients were entered into the trial, and 109 
patients returned for further follow-up. Table 17 shows 
the frequency distributions for treatment groups at entry 
of the factors of age, hearing loss and/or symptoms, dura- 
tion of OME, sex, and race. The data from this trial have 
been analyzed and are being prepared for publication. 


On reviewing the data generated by the study (to be 
published), it appeared that the duration of effusion prior 
to surgical intervention was too short and that failure be- 
cause of short duration of hearing loss was possibly un- 
realistic. Therefore, no subject is entered into the current 
study (M & T-II) with a hearing loss greater than 35 dB 
bilaterally; "treatment failures" are only those subjects 
who have 4 consecutive months of bilateral effusions or 6 
months of unilateral effusion in the control group, and 
those in the myringotomy and M & T groups requiring a 
second surgical procedure within 6 months for these 
reasons. 


The revised study was begun in November 1981, and 
111 subjects were entered (Table 17). The design of the in- 
itial trial has answered many questions related to the indi- 
cations for myringotomy or M & T for chronic OME that 
has persisted for 2 months; the modified study, however, 
will answer more questions related to this problem. 


АМТІВЮТІС FOR OTITIS MEDIA WITH EFFUSION 


ELLEN M MANDEL, MD; HOWARD E. ROCKETTE, PHD; CHARLES D. BLUESTONE, MD; 


JACK L. FARADISE, MD; ROBERT J. NOZZA, PHD 


The рог of this clinical trial was to determine the effi- 
cacy of anibictic treatment (amoxicillin), alone or with a 
combinatien of a sympathomimetic amine and an antihis- 
tamine (peudoephedrine hydrochloride and chlorphenir- 
amine maseate [Novafed A]) for OME in children. This 
study follewed the evaluation of decongestant-antihista- 
mine therapy for OME, which demonstrated the lack of 
efficacy cf a decongestant-antihistamine combination 
alone for JME.’ 


As designed, children between the ages of 7 months and 
12 years v ith OME in one or both ears were randomized 
to receive эпе of three treatments: 1) antibiotic and decon- 
gestant-artihistamine, 2) antibiotic and placebo (for de- 
congestarr-antihistamine), or 3) placebo (for amoxicillin) 
and placebo (for decongestant-antihistamine). The chil- 
dren were seen at 2 weeks and 4 weeks after entry, and if 
no OME »as present at 4 weeks, they were seen monthly 
for another three visits. 


This study began July 1, 1981. Five hundred eighteen 
subjects were entered and followed by Oct 30, 1984. 
Among the 474 subjects who were evaluated at the 4-week 
end point, the rate of resolution of MEE was twice as high 
in those treated with amoxicillin, either with or without 
the decongestant-antihistamine, as in those who received 
placebo (р < .001), but 69.8% of the amoxicillin-treated 
subjects still had effusion (Table 18). Among the subjects 


TABLE 18. STATUS OF OME AT 4 WEEKS 


Treatment Group No OME* OME Total 


Amoxicillin and 
decongestant- 
antihistamine 


Amoxicillin and 


50 (31.6%) 108 (68.4%) 158 (100%) 


placebo 46 (28.8%) 114 (71.2%) 160 (100%) 
Placebo and placebo 22 (14.1%) 134 (85.9%) 156 (100%) 
*р< .001. 
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without effusion at the 4-week end point, recurrent effu- 
sion developed in approximately half those in both the 
amoxicillin and placebo groups during the subsequent 3 
months.’ 


Although amoxicillin was found to be more efficacious 
than placebo in clearing MEE, the large number of chil- 
dren who were not improved with treatment and the high 
recurrence rate led us to look at the efficacy of other anti- 
microbial agents. 


Because of clinicians’ concerns about the increasing pres- 
ence of §-lactamase-producing organisms in OM, the study 
protocol was modified to randomly assign subjects with 
OME meeting the same criteria as those in the original 
study to receive amoxicillin or cefaclor or a combination of 
erythromycin and sulfamethoxazole (Pediazole) or their 
placebos. No group received decongestant-antihistamine. 


All other aspects remained the same as the original study. 
The data are being analyzed and a manuscript is being 
prepared for publication. Three hundred thirty subjects 
were entered in this revised protocol. 
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ADENOIDECTOMY WITH AND WITHOUT TONSILLECTOMY 


FOR OTITIS MEDIA 


JACK L. PARADISE, MD; CHARLES D. BLUESTONE, 


FLOYD H. TAYLOR, SCD; D. KATHLEEN COLBORN; 
RuTH Z. BACHMAN, RN, PNP; CLYDE G. SMITH, M 


ROBERT H. SCHWARZBACH, MSIS 


This study is designed to test the efficacy of adenoidecto- 
my and of T & A in reducing the occurrence of ME disease 
in children with unusually adverse experiences with ME 
disease. Children with specified minimum histories of re- 
current acute OM, persistent nonsuppurative (secretory) 
OM, or both, are recruited from among Children’s Hospi- 
tal outpatients, patients referred by practicing physicians 
in the community, and pajients brought directly by their 
parents in response to information concerning the study. 
After thorough evaluation, children found to be eligible 
for the study are offered random assignment to one of 
three treatment groups: adenoidectomy only, T & A, or 
nonsurgical control. Children entering these groups who, 
at the time, have persistent MEE receive myringotomy 
with aspiration, but not tympanostomy tube placement 
(in order to avoid the confounding effects of tube place- 
ment). If, following myringotomy, MEE recurs and fails 
to resolve with nonsurgical management, a second myrin- 
gotomy is carried out, but this time is accompanied by 
tube placement. АП subjects are examined at 6-week inter- 


MD; KENNETH D. ROGERS, MD; 
BEVERLY S. BERNARD, RN, PNP; 
S; SYLVAN E. STOOL, MD: 


vals, and also on the occasion of any intervening upper re- 
spiratory tract Or related illness. In addition, telephone 
calls are made biweekly to inquire about a specified group 
of symptoms and events. Supplementing the physical ex- 
aminations, regular tympanometric and audiometric as- 
sessments are carried out. 


The end points to be measured include the frequency of 
episodes of acute OM, the occurrence of MEE, the fre- 
quency of myringotomy with and without tube placement 
after entering the trial, and hearing acuity at intervals 
after entering the trial. 


As of May 31, 1988, 343 children had been assigned ran- 
domly to one of the trial’s three treatment groups. To 
reach clinically persuasive conclusions regarding the ef- 
ficacy or nonefficacy of either adenoidectomy or T & A, it 
is necessary to continue to follow subjects now enrolled 
and to enroll and follow additional subjects for substantial 
periods. 


ADENOIDECTOMY, EUSTACHIAN TUBE FUNCTION, AND OTITIS MEDIA 


ELLEN M. MANDEL, MD; MARGARETHA L. CASSELBRANT, MD, PHD; 
CHARLES D. BLUESTONE, MD; HOWARD E. ROCKETTE, PHD 


Supported by grant MCJ-420512 awarded by the Division of Maternal and Child Health, Bureau of Health Care Delivery and Assistance. 


Adenoidectomy is performed commonly on children 
with chronic or recurrent ME disease. Some children seem 
to benefit from this procedure, but many continue to have 
ME problems after the procedure. In an effort to identify 
prospectively which children may benefit from the proce- 
dure, we are investigating the usefulness of preoperative 
ETF testing and an estimate of nasal obstruction as pre- 
dictors of successful outcome. 


Children 3 to 12 years of age who have functioning tym- 
panostomy tubes bilaterally placed in the preceding 5 
months undergo three ETF tests. They are then stratified 
by closing pressure (<50, 50 to 150, ог > 150 mm H20) 
and nasal obstruction (none to mild or moderate to severe) 
and are assigned randomly to either the adenoidectomy 
group or the nonsurgical control group. All subjects are 
followed monthly and for any ear, nose, and throat disease 
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up to l year after spontaneous extubation or until tube 
reinsertion becomes necessary. Eustachian tube function 
testing is repeated bimonthly after surgery or assignment 
to the contre group. 


The results of ETF testing will be related to the outcome 


measures, which include 1) number of episodes and dura- 
tion of ME disease, 2) number of subjects requiring subse- 
quent tympanostomy tube insertion, 3) hearing, and 4) 
complications and sequelae of the disease and surgery. As 
of May 1, 1988, 66 subjects had entered the study. 


ANTIBIC TIC COMPARED TO MYRINGOTOMY AND TYMPANOSTOMY TUBE 


FOR PROPHYLAXIS OF OTITIS MEDIA 


MARGARET4A L. CASSELBRANT, MD, PHD; PHILLIP H. KALEIDA, MD; 
CHARLES Г. BLUESTONE, MD: HOWARD E. ROCKETTE, PHD 


This study was designed to determine the comparative 
efficacy of aatimicrobial prophylaxis or of M & T in pre- 
venting recurrent acute OM in children 7 to 35 months of 
age. Two hendred sixty-one subjects with three or more 
documentedsepisodes of acute OM within the preceding 6 
months or four or more episodes in the preceding year 
(with at leac one episode in the past 6 months) have been 
enrolled. Supjects were required to have no evidence of 
MEE at ent y. Patients were randomized to one of three 
treatment g-oups: 1) antimicrobial-amoxicillin (prophy- 
laxis group) 2) its placebo (control group), or 3) surgery 
within 1 we-k of entry (M & T group). Pneumatic otosco- 
py, tympanemetry, acoustic reflex testing, and audiome- 
try were pe-formed on all subjects at entry and monthly 
thereafter fcr 23 months. Nasopharyngeal or throat cul- 
tures were cbtained at entry, every 3 months, and with 
each episode of acute OM. Whenever an episode of acute 
OM occurred after entry, an ME aspirate by tympanocen- 
tesis or swa » of otorrhea from the tube for bacterial cul- 
ture and sersitivity testing was obtained and the child was 
treated witk oral amoxicillin at a dosage of 40 mg/kg in 
three divided daily doses for 14 days. Children who were 
"initial trez-ment failures" (persistence or recurrence of 


symptoms or signs of acute ear infection during the 14-day 
treatment period) received another tympanocentesis and a 
therapeutic course of an oral erythromycin ethylsuccinate- 
sulfisoxazole preparation. Subjects who had four or more 
episodes of acute OM during 6 months (ie, required a fourth 
tympanocentesis in 6 months or a fifth in 19 months), or 
required a third M & T within 12 months, or had 180 or 
more days of MEE during 1 year, or developed any serious 
complications or penicillin allergy were considered “ulti- 
mate treatment failures.” Such children were withdrawn 
from the study, and other appropriate management and 
follow-up was instituted. 


The study outcome will be evaluated using the follow- 
ing measures: number of episodes of acute OM, number of 
episodes of otorrhea through the tube, duration of MEE or 
otorrhea or both, number of surgical procedures, hearing 
loss, drug compliance, treatment failures, microbiology 
(including antibiotic resistance) of MEE and nasopharynx/ 
throat, condition of the tympanic membrane, and compli- 
cations of the disease and its treatment. Entry of subjects 
into the trial was completed in January 1986, and 2-year 
follow-up was completed in January 1988. 


ANTIBIOTIC OR MYRINGOTOMY OR BOTH FOR ACUTE OTITIS MEDIA 


PHILLIP Н KALEIDA, MD; MARGARETHA [.. CASSELBRANT, MD, PHD; CHARLES D. BLUESTONE, MD; 
HOWARD E. ROCKETTE, PHD; JACK L. PARADISE, MD; MARK M. BLATTER, MD; KEITH S. REISINGER, MD; 
FREDERIC= P. WUCHER, MD; KENNETH D. ROGERS, MD; Joun S. SUPANCE, MD 


Presented in part at the Fourth International Symposium on Recent Advances in Otitis Media With Effusion, Bal Harbour, Florida, June 


1-4, 1987. 


This clini-al trial was designed to investigate 1) the effi- 
cacy of an antimicrobial agent (amoxicillin) for episodes of 
"nonsevere' acute OM, 2) the comparative efficacy of this 
antimicrobial agent, of myringotomy, or of both com- 
bined for episodes of "severe" acute OM, and 3) the rela- 
tionship of hese modes of therapy to the recurrence and 
persistence əf acute OM and OME during the 1-year fol- 
low-up period. 


Infants aad children 7 months to 12 years of age who 
met criteriarfor the diagnosis of acute OM were entered in- 
to the study at one of two sites — the OMRC at Children's 
Hospital of Pittsburgh or the suburban Upper St Clair 
(Pennsylvaria) Pediatric Group. Enrollment was strati- 
fied accord-g to patient age (7 to 23 months, 2 to 5 years, 
and 6 to 12years) and to the number of episodes of acute 
OM in the previous 12 months (none, one or two, and 
three or mare). 


At entry, patients were assigned randomly to a treat- 
ment category that specifically defined the method of 
management for the ear disease at entry, as well as all 
subsequent episodes of *nonsevere" and "severe" acute OM 
(as defined in the protocol) during the ensuing 12 months. 
Six treatment options were available (the first method of 
management of each pair represents the treatment for 
“nonsevere” acute OM episodes followed by the treatment 
for "severe" acute OM episodes): amoxicillin/amoxicillin 
(40 mg/kg/day), placebo/amoxicillin, amoxicillin/amoxi- 
cillin and myringotomy, placebo/amoxicillin and myrin- 
gotomy, amoxicillin/placebo and myringotomy, placebo/ 
placebo and myringotomy. All patients with "nonsevere" 
acute OM received either the antimicrobial agent or place- 
bo. Children 2 years of age and older at entry with “se- 
vere" acute OM were randomized into one of the six treat- 
ment options. However, children younger than 2 years of 
age at entry were assigned to only the first four treatment 
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groups and received either amoxicillin or amoxicillin and 
myringotomy for "severe" acute OM episodes, because of 
concern about possible suppurative complications of OM 
in this age group. No subject with "severe" acute OM 
received placebo alone. Medication compliance was 
evaluated by three methods: 1) a daily medication diary, 
2) measurement of the volume of returned medication, 
and 3) urine assessment using a marker added to the 
medication. 


Patients with persistent or recurrent symptoms or signs 
during the 14-day treatment period were regarded as “іпі- 
tial treatment failures" and received tympanocentesis with 
or without myringotomy and a 14-day course of an oral 
suspension of erythromycin ethylsuccinate and sulfisoxa- 
zole acetyl. Subjects were considered an "ultimate treat- 
ment failure" if they had an extreme number of myringot- 
omies or tympanocenteses or acute OM episodes or months 


with OME, or developed a significant hearing loss or peni- 
cillin allergy or complication prior to the end of the l-year 
treatment/observation period. 


All subjects were assessed by symptomatic response, 
presence or absence of MEE, and audiometry. Each child 
was reexamined monthly for 1 year by pneumatic otosco- 
py (“validated” observers), tympanometry, and audiome- 
try, and when an episode of acute OM developed. Out- 
come analysis includes number of episodes of acute OM 
(“попѕеуеге” or "severe"), months with OME, treatment 
failure, condition of the tympanic membrane, hearing 
loss, and complications of the disease and the methods of 
treatment. Subject accrual began in May 1981. All 642 
subjects had been entered into the trial as of Sept 1, 1984; 
l-year follow-up was completed in August 1985. There 
were no serious complications attributed to the study de- 
sign. Analysis of the data is underway currently. 


EFFICACY OF 20-DAY VERSUS 10-DAY ANTIMICROBIAL TREATMENT 
FOR ACUTE OTITIS MEDIA: A DOUBLE-BLIND, PLACEBO-CONTROLLED, 


RANDOMIZED CLINICAL TRIAL 


CHARLES D. BLUESTONE, MD; ELLEN M. MANDEL, MD; HOWARD E. ROCKETTE, PHD; 


ROBERT J. NOZZA, PHD 


This randomized, double-blind, placebo-controlled 
clinical trial will determine the efficacy of 20 days of anti- 
microbial treatment compared to the standard regimen 
for acute OM in this country, which is 10 days of amoxicil- 
lin therapy. Following the arbitrary 10 days of amoxicillin 
therapy, about 50% of children have persistent OME and 
approximately 50% will have one or more recurrent epi- 
sodes of acute OM within 3«months. Persistent MEE that is 
present after 10 days of amoxicillin treatment is usually 
asymptomatic in children, even though some conductive 
hearing loss is usually present. Today, the most popular 
management options for persistent OM are 1) to continue 
treatment with the same antimicrobial agent (usually 
amoxicillin), the assumption being that the initial infec- 
tion is unresolved; 2) to prescribe another, frequently 
more costly, antimicrobial agent, such as a combination of 
erythromycin and sulfisoxazole, trimethoprim-sulfame- 
thoxazole, cefaclor, or amoxicillin-clavulanate, the as- 
sumption being that the infection is caused by ampicillin- 
resistant bacteria; 3) to observe the child with the hope 
that the MEE will resolve spontaneously; or 4) since per- 
sistent OME is so common, to reexamine the child 6 to 8 
weeks after instituting antimicrobial therapy instead of at 
the end of the course of treatment; ie, simply do not look 
for it. Other management options, such as hydrocortisone 
therapy and ME inflation procedures, are used rarely; de- 
congestant and antihistamine treatment has been proven 
to be ineffective; and myringotomy is not reasonable, fea- 
sible, or ethical for a child who is relatively asymptomatic. 
Thus, the method of management when persistent MEE is 
present at the completion of 10 days of amoxicillin therapy 
remains controversial because of the lack of information 
derived from randomized clinical trials addressing this im- 
portant clinical question. 


This proposed clinical trial will answer three clinically 
important questions. 1) Will the duration of MEE be 
shorter following 20 versus 10 days of antimicrobial thera- 
py for acute ОМ? 2) If effusion persists after the initial 


course of treatment, should a different antimicrobial 
agent be tried? 3) Will there be a reduction in the recur- 
rence rate of acute OM following 20 versus 10 days of anti- 
microbial therapy? Audiologic data will also answer im- 
portant questions regarding intrasubject variability in 
hearing of children with OME, high frequency hearing in 
infants with OME, and the use of speech discrimination 
test scores as an index of functional hearing. 


This study will involve approximately 435 subjects 
enrolled from and followed at either the OMRC or a 
private practice pediatric group in the Pittsburgh area. 
Subjects 7 months to 12 years of age with signs and symp- 
toms of acute OM receive an initial tympanocentesis (for 
diagnosis and microbiologic study) and initially receive 
amoxicillin therapy for 10 days, followed by a second 
course of therapy for another 10 days. The trial is double- 
blinded. Patients are stratified for 1) age (7 to 23 months, 
2 to 6 years, or 7 to 12 years), 2) laterality of effusion 
(unilateral or bilateral), and 3) previous history of acute 
OM during the preceding year (0, 1 to 2, or > 3 episodes). 
Persistence or recurrence of the signs and symptoms of 
acute infection during the initial 10 days after entry, dur- 
ing treatment with amoxicillin, is treated by alternative 
drug therapy. Subjects are reexamined at 10, 20, 30, 60, 
and 90 days following entry (the final end point) and 
whenever an ear, nose, or throat illness supervenes. Sub- 
jects who develop recurrence of acute OM during the 
90-day treatment/observation period undergo tympano- 
centesis and receive the antimicrobial regimen originally 
assigned. 


Monitoring drug compliance is an essential part of this 
study. Outcome measures at the end of 90 days are 1) 
duration of persistent OME following the initial episode of 
acute OM, 2) percentage of time with OME during the 90 
days, 3) rate of recurrent episodes of acute OM and OME, 
4) number of “initial treatment failures” and “ultimate 
treatment failures,” 5) hearing status, and 6) complica- 
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tions and sequelae of the disease and treatment. We pro- 
ject that 384 evaluable subjects will complete the trial, 
which is a sufficient sample size to answer the question 
above. The results of this trial should significantly affect 
the way children are managed for acute OM in the future. 
If 20 days of antimicrobial treatment is more effective 
than the standard 10 days, then the duration of OME and 
its attendant hearing loss will be reduced, the recurrence 
rate of acute OM will be reduced, and possibly there may 


be fewer children whose persistent or frequently recurrent 
disease terminates in M & T, T & A, or both. It is possible 
that little or no advantage will be shown by treating all 
patients with acute OM with a 20-day course of antibiotic, 
but that the children who have persistent OME after 10 
days of treatment may benefit. On the other hand, if no 
efficacy is shown by a longer course of antimicrobial 
therapy, children can be spared the risks and costs of this 
form of treatment. 


EFFICACY OF ANTIMICROBIAL PROPHYLAXIS FOR RECURRENT OTITIS MEDIA 


WITH EFFUSION 


CHARLES D. BLUESTONE, MD; ELLEN M. MANDEL, MD; Howarp E. ROCKETTE, PHD: 


ROBERT J. Nozz4, PHD 


This randomized, double-blind, placebo-controlled 
clinical trial will determine the efficacy of antimicrobial 
prophylaxis for recurrent asymptomatic OME, a condi- 
tion that affects many infants and children. A study of the 
epidemiology of ME disease in preschool children! 
demonstrated that 30% of the children in one preschool 
had recurrent episodes of OME during the year. Another 
study, AB-I,? showed that 50% of subjects (7 months to 12 
years of age) who cleared their effusion with or without 
antibiotic treatment had recurrence of OME within 3 
months. A previous study at the OMRC of antimicrobial 
prophylaxis for recurrent acute OM (see bacampicillin 
prophylaxis study, this Supplement, p 58) has shown that 
antibiotics are efficacious for recurrent acute OM. This 
has led us to test the efficacy of antimicrobial prophylaxis 
for recurrent OME. The proposed study will explore a 
medical alternative to the present surgical treatments (M 
& T or adenoidectomy with or without tonsillectomy) for 
recurrent OME. This study will involve 220 subjects en- 
rolled from and followed at the OMRC. Subjects are 7 
months to 12 years of age with a history of at least 4 
months of effusion during the preceding 12 months (at 
least 1 month or episode during the previous 3 months), 
two or fewer episodes of acute OM in the preceding 12 
months, and no MEE at entry. They are stratified for age 
(7 to 23 months, 2 to 6 years, 7 to 12 years) and time with 
OME during the preceding year (4 to 6 months, >6 


LACK OF EFFICACY OF MIDDLE EAR A 
OF CHRONIC OTITIS MEDIA WITH EFF 


KENNY H. CHAN, MD; CHARLEs D. BLUESTONE, MD 


Supported in part by NIH grant NS 07270. 


Inflation of the ME has been purported since the days of 
Politzer to have potential beneficjal effects in the treat- 
ment of OME. However, there has been a lack of scientific 
data to support such claims. We used a randomized con- 
trol trial to study the effects of autoinflation of the ME in 
young children with chronic OME that was unresponsive 
to antibiotic therapy. A new method of inflation was de- 
veloped that effectively insufflated air into the ME and 
was used by the test group of children three times a day for 
a 2-week treatment period. This method consisted of a dis- 


months, or unknown) and are assigned randomly to re- 
ceive either amoxicillin (20 mg/kg body weight/day) or 
placebo for 1 year. All subjects are examined monthly and 
whenever an ear, nose, or throat illness supervenes. Those 
subjects with acute OM undergo tympanocentesis at the 
time of diagnosis. Pharyngeal cultures are done routinely 
at entry and 4 months, 8 months, and 12 months after en- 
try, as well as at the time of diagnosis of OME or acute 
OM to monitor development of amoxicillin-resistant or- 
ganisms. Outcome measures at the end of 1 year of follow- 
up will be 1) number of episodes of OME, 2) duration of 
effusion of each episode, 3) percent time with OME, 4) 
number of episodes of acute OM, 5) hearing status, and 6) 
complications and sequelae of the disease and the treat- 
ment. If effective, this method of management will reduce 
the amount of time previously affected children have 
MEE and its attendant hearing loss and may reduce the 
number of surgical procedures performed for OME. 
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UTOINFLATION IN THE TREATMENT 
USION 


posable anesthesia mask attached to a floating-ball flow- 
meter. The treatment group used this method three times 
a day for 2 weeks. Both the treatment and control groups 
were examined weekly during the length of the study. Pre- 
liminary data analysis of 41 children enrolled in this trial 
indicates that there is no statistical difference in the rate of 
MEE clearance in the treatment group as compared to the 
control group. We conclude that insufflation of air into 
the ET-ME alone is not effective in the management of 
chronic OME in children. 
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OTITIS MEDIA IN THE PEDIATRIC INTENSIVE CARE UNIT: 
A PROSPECTIVE STUDY OF ITS INCIDENCE, PREVALENCE, 
BACTERIOLOGY, ETIOLOGY, AND TREATMENT 
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Acute OM has been documented previously as a source 
of sepsis within the neonatal and pediatric intensive care 
unit (PICU)'?^; however, the frequent use of pneumatic 
otoscopy and other otologic instruments is not common- 
place in the daily care or septic workups of the severely ill 
children hospitalized in the PICU. A prospective study 
was undertaken to determine the prevalence of OM within 
the population of the PICU and respiratory care unit 
(RCU) at Children's Hospital of Pittsburgh, to assess the 
risk factors involved with the development of these noso- 
comial infections, and to identify the responsible organ- 
isms and correlate the bacterial flora with that of other 
anatomic sites. 


From July through October 1986, 173 patients, ranging 
in age from 1 day to 25 years were examined on a daily 
basis during their stay in the PICU and RCU by a quali- 
fied otologist (sensitivity, 96.7%; specificity, 86.9%)? 
using pneumatic otoscopy and a hand-held acoustic oto- 
scope (Endeco Medical). Entry into the study group was 
predicated upon the absence of ME disease for the first 48 
hours after admission to the PICU or RCU. Tympanocen- 
tesis was performed, along with blood, sputum, respira- 
tory tubing, external canal, and other pertinent cultures 
when abnormal ME findihgs were present in the setting of 
sepsis. 


According to the above entrance criteria, 107 children 
qualified for the study. In all, 61 episodes of OM were de- 
tected in 50 of the 173 children observed (29%). Among 
the 107 study children, 33 developed OM (30%): 24 chil- 
dren developed one episode (39 ears), seven developed two 
episodes (12 ears), and two developed three episodes (eight 
ears). Those children who developed OM stayed in the 
PICU and RCU an average of 17.1 days, compared to 5.4 
days for those who did not (p« .001). Of those children 
who stayed longer than 7 days, 21 of 30 (70%) developed 
OM. Thirty-one of 33 of the OM children (97%) had a 
nasogastric tube in place at the time OM was discovered, 
and the nasogastric tube was on the same side as the OM 
80% of the time. This compared to 45 of 74 (62%) of the 
non-OM children (p«.05). In addition, those children 
with OM had their nasogastric tubes in place for an aver- 
age of 16.5 days, compared to 2.6 days for the non-OM 
children. Similar data were obtained for oral endotracheal 
tubes and for simultaneous endotracheal and nasogastric 
tubes (Fig 33). Those children who developed OM were 
statistically different from their non-OM counterparts at 
the p< .001 level in the following respects: length of stay 
in the PICU and RCU, number of days with oral endotra- 
cheal and nasogastric tubes in place and number of times 
they were changed, number of days with more than one 
tube simultaneously in the upper aerodigestive tract, num- 
ber of days with temperature > 38.5°С, number of surgi- 
cal procedures, number of antibiotics prescribed, and 
number of children with mechanical versus nonmechani- 
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Fig 33. Percentage of PICU children who did and did not 
develop OM related to presence of nasogastric, oral endo- 
tracheal, and nasal endotracheal tubes. 


cal ventilation via a tracheostomy tube. In those children 
in whom OM was found, the median day of discovery was 
the sixth day since entrance into the study. The largest 
group of OM patients was enrolled in the Transplant Ser- 
vice (12 of 17 or 71%), compared to Cardiac Surgery (four 
of 29 or 14%), Pediatrics (nine of 27 or 33%), and other 
surgical services (eight of 33 or 24%). Among those 
children who simultaneously had a nasogastric tube and 
either an oral endotracheal or nasal endotracheal tube in 
place for more than 4 days, 75% developed OM. 


The acoustic otoscope confirmed the otoscopic findings 
of OM with a 70% specificity and 90% sensitivity using 
the limits of 1 to 4 as normal and 5 to 9 as abnormal. Tym- 
panocentesis confirmed the otoscopic findings in 35 of 36 
abnormal ears for a specificity of 97%. 


Eighty-one percent of the OM children already were re- 
ceiving antibiotics on the day that OM was discovered. 
Tympanocentesis, which was performed on 19 patients 
during 23 episodes encompassing 36 ears, revealed sterile 
cultures in 5376 of the ears (19 of 36), Staphylococcus co- 
agulase-negative in 22% (eight of 36), Pseudomonas in 
22% (eight of 36), and yeast in 3% (one of 36). Addi- 
tionally, four of the ears with Pseudomonas had concomi- 
tant positive anaerobic cultures. Middle ear cultures were 
classified as positive only in the presence of a sterile exter- 
nal canal. Forty percent of the positive cultures (eight of 
17) were identical to organisms simultaneously cultured 
from other patient sites. 


Average maximum temperature on the day that OM 
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was discovered in those children who underwent tympa- 
nocentesis was 38.4? C, with decline of the maximum tem- 
perature to 37.7°С on the day following tympanocentesis. 


We can infer from this study that OM is a common enti- 
ty in the PICU and RCU. Its causation in this setting is re- 
lated to prolenged dysfunction of the ET associated with 
nasogastric and endotracheal tubes in compromised chil- 
dren who аге supine for extended periods. The most se- 
verely ill children appear to be those most susceptible to 
this disorder. The bacterial flora reflects that of the hospi- 
tal environment and not that of the community. Addition- 
ally, it woulc appear that tympanocentesis is an important 
diagnostic and therapeutic procedure. The bacteriologic 
data suggest that while standard antibiotic therapy may 
effectively treat common pathogens, it does not eliminate 


nosocomial organisms. Tympanocentesis, with antibiotic 
therapy based upon Gram's stain and culture results, 
should be the management of choice in treating OM that 
develops while a child is in the PICU. 
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Drug Efficacy Studies 


AMOXICILLIN-CLAVULANATE POTASSIUM COMPARED WITH CEFACLOR 
FOR ACUTE OTITIS MEDIA IN INFANTS AND CHILDREN 


PHILLIP H. KALEIDA, MD; CHARLES D. BLUESTONE, MD; HOWARD E. ROCKETTE, PHD; LEE W. Bass, MD; 
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This report appears in complete form in Pediatr Infect Dis 1987;6:265-71. 
Presented at tae meeting of the Society for Ear, Nose and Throat Advances in Children, Philadelphia, Dec 4-7, 1986. 


One huncred thirty-three infants and children with 
documented acute OM were randomized to receive the 
oral suspension of either amoxicillin-clavulanate potassi- 
um or cefaclor. 8-Lactamase-producing bacteria were 
found in 10.9% and 14.5% of subjects treated with amox- 
icillin-clavuianate potassium and cefaclor, respectively. 
Subjects were reexamined at 5, 10, 30, 60, and 90 days 
after the initiation of therapy and whenever symptoms or 
signs of acute OM recurred. All but two children had reso- 
lution of otalgia and/or otorrhea during the initial treat- 


ment period. The drug groups were not significantly dif- 
ferent in the percentage of evaluable subjects with OME 
at each scheduled follow-up visit. Recurrence of acute OM 
or otorrhea developed in a similar percentage of subjects 
in both treatment categories. Both subjects with and those 
without MEE at 10 days had approximately a 5076 recur- 
rence rate of subsequent ME disease. Adverse side effects 
or complaints, which occurred in significantly more chil- 
dren treated with amoxicillin-clavulanate potassium, 
were generally mild and primarily gastrointestinal. 


COMPARATIVE EVALUATION OF CEFACLOR WITH AMOXICILLIN 
IN THE TREATMENT OF ACUTE OTITIS MEDIA: A 1-YEAR STUDY 


ELLEN M. MANDEL, MD; CHARLES D. BLUESTONE, MD; HOWARD E. ROCKETTE, PHD; 
LEE W. Bass, MD; JEROME H. WOLFSON, MD; JANE M. BRECK, MD 


Supported by Eli Lilly and Company. 


We previously reported the results of treatment of one epi- 
sode of acute OM with amoxicillin compared to cefa- 
clor.'? We found that more children were effusion free by 
14 days after entry in the cefaclor-treated group than in 
the amoxicillin group, but by 42 days, the number of sub- 
jects effusion free in each group was the same. The present 
study was designed in an effort to see if this earlier 
clearance o: effusion had a real advantage to the patient 
over a longer period of time. Children from 7 months to 12 
years of age with signs and symptoms of acute OM are en- 
rolled in the study with their parents’ informed consent. 
All subject undergo tympanocentesis of the affected ear(s) 
and are assigned randomly to receive a 10-day course of 
either amoxicillin or cefaclor. All subjects are seen at 10, 
20, 30, 40, and 60 days following entry and then monthly 
up to 1 year. If acute OM recurs, the originally assigned 


treatment is dispensed and the cycle is repeated. The pri- 
mary outcomes are duration of effusion after each episode 
and the number of recurrent episodes during the 1-year of 
follow-up. 


This study was begun in April 1984. Subjects were en- 
rolled at two sites: the OMRC at Children's Hospital and 
at a private pediatric office (Bass, Wolfson, Breck) located 
near the Children's Hospital. A total of 157 subjects have 
entered the study and will be completing follow-up short- 
ly. Data analysis will begin thereafter. 
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EVALUATION OF BACAMPICILLIN FOR PROPHYLAXIS OF OTITIS MEDIA 


MARGARETHA L. CASSELBRANT, MD, PHD; PHILLIP Н. KALEIDA, MD; 
MARCIA KuRS-LASKY, MS; CHARLES D. BLUESTONE, MD 


Supported by Pfizer, Inc. 


This double-blind randomized clinical trial evaluated 
the efficacy of a single daily dose of bacampicillin in the 
prevention of acute OM in young children with a history 
of recurrent acute OM. 


Children 7 to 35 months of age were eligible for the 
study if they had three or more documented episodes of 
acute OM within the past 6 months or four or more bouts 
within the past year (of which at least one was in the past 6 
months). At the time of entry, the ears had to be effusion- 
free. Informed consent was obtained. Methods for identi- 
fication of acute OM and OME were the same as in our 
previous studies. ' 


After entry evaluation, the subjects were assigned ran- 
omly to a drug or placebo group that was stratified ac- 
cording to age (7 to 23 and 24 to 35 months). A throat cul- 
ture was performed at entry and when an episode of acute 
OM occurred. The patients were examined at monthly in- 
tervals for 6 months and whenever an episode of acute OM 
was suspected. If the patient was diagnosed as having 
acute OM, a tympanocentesis was performed and the ME 
aspirate and throat swab were sent for culture and sensi- 
tivity testing for ampicillin-resistant bacteria. 


At entry and at each scheduled visit, a monthly supply 
of drug or placebo was ditpensed in double-blind fashion 
for administration as a single daily dose in the evening. 
The bacampicillin suspension (125 mg/5 mL) was used at 
a dosage of 25 mg/kg body weight. The placebo was iden- 
tical in appearance and similar in taste to the active medi- 
cation, and it contained the same inert ingredients. A ribo- 
flavin marker was added to both the drug and placebo. 
The parents recorded on a daily calendar the administra- 
tion of medication and returned the bottle with the re- 
maining medication at each visit. 


The compliance in administration of the daily dose of 
medication was assessed from records of doses adminis- 
tered, from measurements of the amount of medication re- 
maining in the bottle at each follow-up visit, and the dem- 
onstration of the riboflavin marker in a urine sample. 


Whenever an episode of acute OM developed, the study 
drug was discontinued and the patients were treated with 
a preparation of erythromycin ethylsuccinate and sulfisox- 
azole in a fixed combination for 14 days. The daily study 
drug then was resumed. 


Proportions were compared using a X? statistic. All re- 
ported significance levels comparing the two treatment 
groups were one sided. 


Thirty-five children who were bilaterally effusion free 
at entry were enrolled into the study. Twenty children, 
seven girls and 13 boys, completed the study. 


Of the 15 children who did not complete the study, four 
(who had received bacampicillin) developed an adverse 
reaction (rash or urticaria in three children and diarrhea 


TABLE 19. DISTRIBUTION OF NEW EPISODES OF 
ACUTE OM BY TREATMENT GROUP FOR 
PATIENTS COMPLETING STUDY 


No New At Least One 
Episodes of New Episode 
Acute OM of Acute OM Total 
Placebo 4 (33%) 8 (67%) 12 
Bacampicillin 6 (75%) 2 (25%) 8 
Total 10 (50%) 10 (50%) 20 
) 


р = .08 (Fisher's exact test). 


in one child). The remaining 11 children did not complete 
the study because of transportation problems, moving 
away from Pittsburgh, refusal to take the medication, or 
parental concern. There was no difference between the 
two groups. All but one of the study withdrawals were 
children 7 to 15 months of age. 


Estimates of compliance with the prescribed treatment 
regimens were obtained in 90% by the bottle method, 
94% by the calendar method, and 74% by urine determi- 
nation. At least 75% of the drug or the placebo had been 
taken at > 80% of the visits according to both the bottle 
and calendar method. Riboflavin could be identified at 
80% of visits tested in the placebo group and 91% in the 
bacampicillin group. 


Table 19 summarizes the proportion of children in each 
of the two treatment groups who had at least one episode of 
acute OM among those who completed the study. None of 
the children who withdrew developed any episode of acute 
OM or OME while in the study. Although the children 
receiving bacampicillin had fewer episodes of acute OM, 
the results were not statistically significant (р = .08). 
However, the time to occurrence of the first episode of 
acute OM was significantly longer in children receiving 
bacampicillin (p = .03). The proportion of children in the 
bacampicillin group who had a new episode of MEE, ie, 
acute OM or OME or both (Table 20) was significantly less 
than that occurring in the placebo group (p< .01). Also, 
children in the bacampicillin group had a significantly 
longer disease-free interval after entry than the children in 
the placebo group (р< .01). After the analysis was ad- 
justed for the imbalance in sex in the treatment groups, the 
difference in time to the development of MEE and the pro- 
portion of children who developed MEE remained statisti- 
cally significant. 


The distribution of patients who received at least one 
nonprotocol course of an oral antimicrobial agent during 
the 6-month study was analyzed. All of the patients in the 
placebo group received such a course, compared to 50% in 
the bacampicillin group. The difference was statistically 
significant (р = .01); the most common indication for 
treatment was infection of the upper respiratory tract. 


Seventeen tympanocenteses were performed for acute 
OM, and in five ME aspirates there was growth of bac- 
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TABLE 20. DISTEIBUTION OF NEW EPISODES OF 
MEE BY TREATMENT GROUP FOR 
PATIENTS COMPLETING STUDY 





No New At Least One 
Episodes New Episode 
ef MEE of MEE Total 
Placebo 1( 8%) 11 (92%) 12 
Bacampicillin 8 (75%) 2 (25%) 8 
Total 7 (35%) 13 (65%) 20 


MEE includes acute OM, OME, or both. 
р< .01 (Fisher's exact test). 


teria. Ampicillin-resistant bacteria were cultured from 
four ears in three children; one child had bilateral disease. 
These children were all in the placebo group. 


In this pilet study the small sample size significantly 
limits the strength of the conclusions. However, the data 
suggest that bacampicillin is effective as a prophylaxis in 


preventing MEE in children 7 to 35 months of age. Sub- 
jects receiving a single daily dose of bacampicillin had sig- 
nificantly fewer episodes of MEE and a significantly 
longer interval disease free from MEE after entry. Al- 
though subjects in the bacampicillin group had fewer epi- 
sodes of acute OM than those in the placebo group, these 
differences were not significant. However, the time to re- 
currence was significantly longer in the bacampicillin 
group than in the placebo group. Interestingly, all of the 
children in the placebo group were given at least one 
course of antimicrobial therapy for nonprotocol reasons 
during the study period, compared with only half of the 
bacampicillin group. 
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COMPARATIVE STUDY OF AUGMENTIN AND AMOXICILLIN IN THE 
TREATMENT OF OTITIS MEDIA WITH EFFUSION 
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As noted previously, there is considerable interest in the 
use of 8-lactamase-resistant antibiotics for ME disease be- 
cause of the increasing incidence of 8-lactamase-produc- 
ing organisms in MEEs. This study compared the efficacy 
of Augmentin (a combination of amoxicillin trihydrate 
and potassium clavulanate) to that of amoxicillin for the 
treatment of asymptomatic OME. 


One hundred eight children from 7 months to 12 years 
of age with OME were entered into the study conducted in 


the offices of two private pediatric practices (Bass, Wolf- 
son, Breck and Blatter, Wucher, Reisinger). Each subject 
was assigned randomly to receive either amoxicillin (40 
mg/kg/day) or Augmentin (50 mg/kg/day) for 10 days. All 
subjects were reexamined at theend of the medication (10 
days) and 4 weeks from entry. Those subjects who were ef- 
fusion free at 4 weeks were followed for recurrence of 
OME at 8, 12, and 16 weeks after entry. Data analysis has 
been completed and the results have been published. 


EFFICACY CF A NEW CEPHALOSPORIN FOR ACUTE OTITIS MEDIA 


ANDREW J. HOTALING, MD; WILLIAM J. DOYLE, PHD; ERDEM I. CANTEKIN, PHD; 
CHARLES E. BLUESTONE, MD; DALE D. ROHN, MPH; GEORG KELETI, PHD 


Supported by American Cyanamid Company, Lederle Laboratories. 


This report appears in complete form in Arch Otolaryngol Head Neck Surg 1987;113:370-3. 


The efficacy of a new third generation cephalosporin, 
cefixime, in ‘he treatment of acute OM resulting from in- 
fection with ampicillin-resistant, 8-lactamase-producing 
nontypeable-H influenzae was evaluated in the chinchilla 
animal model. One hundred healthy adult chinchillas 
(Chinchilla laniger) weighing, on the average, 450 g were 
used. On day 0, all animals were inoculated bilaterally 
with 0.1 mL of a buffered saline solution with an average 
concentration of 250 CFU of nontypeable 6-lactamase- 
producing H influenzae. All animals were examined every 
other day foilowirg inoculation (days 2, 4, 6, 8, 10, 12, 
and 14). Animals were divided into three groups. Group 1 
was composed of 3) untreated animals and, thus, served as 
a control. Thirty animals assigned to group 2 served as sec- 
ondary controls and were treated with an antibiotic (am- 


picillin, 150 mg/kg every 12 hours) ineffective against the 
B-lactamase-producing Н influenzae. Forty animals were 
assigned to the experimental group (group 3) and received 
cefixime (8 mg/kg every 12 hours). The 10-day course of 
antibiotic treatment started on day 4 (4 days after inocula- 
tion) and continued through day 14. Every other day, ex- 
aminations consisted of three parts: l) bilateral tym- 
panometry, 2) otomicroscopy of the right ear, and 3) 
culture of the left ME via a transbullar approach. 


The effectiveness of cefixime for acute OM in the chin- 
chilla animal model was evaluated by means of three out- 
come measures: mortality, effusion sterilization, and effu- 
sion resolution. For these measures, the findings in the ex- 
perimental group (group 3) were compared with those in 
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Fig 34. Course of three outcome measures: A) mortality, 
B) MEE sterilization, and C) clearance of effusion. Cul- 
ture results are for left ears, and effusion clearance findings 
are for right ears. + indicates that culture was positive for 
H influenzae. 


the untreated (group 1) and ampicillin-treated (group 2) 
control groups as shown in Fig 34. 
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The cumulative mortality for the three groups of ani- 
mals over the period of study was determined. For groups 
1 and 2, these mortality curves were similar, and at 14 
days, 30% of the animals in these two groups were dead. 
In contrast, the cefixime-treated group had an overall 
15% mortality rate. This difference in frequency distribu- 
tions was not statistically significant by the Kolmogorov- 
Smirnov test. For most of the animals, cause of death was 
associated with the spread of ME infection, creating laby- 
rinthitis, meningitis, and bacteremia. 


Sterilization of the MEE was documented longitudinal- 
ly by culturing the left ME space. At the initiation of anti- 
biotic treatment, 4 days after inoculation of the pathogen- 
ic bacteria, all ears were culture positive for H influenzae. 
In the two control groups, the majority of effusions re- 
mained culture positive throughout the course of the ex- 
periment. However, the cefixime-treated animals (group 
3) showed an entirely different pattern; by day 6 (2 days 
after the start of antibiotic treatment) only 43 % of the ears 
were culture positive, and at day 14, all ears in this group 
yielded negative cultures indicating sterilization of the ef- 
fusions. For this measure, the differences between the ex- 
perimental and the control groups were statistically sig- 
nificant (X? test, p< .01) starting at day 6. At the end of 
the study (day 14) both ears of all surviving animals were 
sampled for cultures. All cefixime-treated animals had bi- 
lateral negative cultures, but only three animals in group 2 
had such findings, and none of the animals in the un- 
treated control group had bilateral negative ME cultures. 


А comparison among the three study groups in relation 
to the clearance of effusion showed that the cefixime- 
treated group had the least number of ears with effusion. 
These differences in the clearance of MEE between the ex- 
perimental and the control groups were statistically sig- 
nificant at day 10 and at day 12 (X? test, p< .01), but not 
at day 14. 


These results demonstrated that cefixime administered 
at 8 mg/kg every 12 hours was effective in rapidly steriliz- 
ing the MEEs of chinchillas with acute OM secondary to 
B-lactamase- producing nontypeable Н influenzae. No ad- 
verse side effects of the drug were noted. The data also 
suggest that the effusions were resolved more quickly fol- 
lowing cefixime therapy than in a nontreated control 
group; therefore, cefixime can be considered an effective 
antimicrobial for the treatment of acute OM secondary to 
nontypeable 8-lactamase-producing H influenzae in this 
animal model. 


CEFIXIME VERSUS CEFACLOR IN THE TREATMENT OF 


ACUTE OTITIS MEDIA WITH EFFUSION 


MARGARET А. KENNA, MD; CHARLES D. BLUESTONE, MD; PATRICIA А. FALL, RN, CRNP; 
JANET S. STEPHENSON; MARCIA KuRS-LASKY, MS; FREDERICK P. WUCHER, MD; 
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This report appears in complete form in Pediatr Infect Dis ] 1987;6:992-6. 


Cefixime, a new oral cephalosporin, is stable to penicil- 
linase and 8-lactamase and is more potent in vitro than 


cefaclor, cephalexin, and amoxicillin against a wide varie- 
ty of gram-negative bacilli.'? Two of the most common 
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TABLE 21. AGE DISTRIBUTION OF PATIENTS AT ENTRY 


Cefixime ^  Cefixime Totals 
Age Twice Daily Once Daily Cefaclor No. % 
7 to 23 mo 28 5 24 57 44 
2 to 6 yr 30 5 34 69 54 
7 to 12 yr 2 0 1 з 2 
Totals 60 10 59 129 


bacterial organisms found in acute OM, nontypeable H in- 
fluenzae and B catarrhalis, often produce 8-lactamase,* 
resulting in resistance to many of the currently utilized an- 
timicrobials. We studied the relative safety and effective- 
ness of cefixime, and compared it to cefaclor in the treat- 
ment of acute OM in a pediatric population. 


All children 7 months to 12 years of age with a possible 
diagnosis of acute OM were evaluated by one of three 
pediatricians (M.B., K.R., or F.W.). A diagnosis of acute 
OM was made if a child presented with fever and irritabil- 
ity associated with otalgia, and if MEE was documented 
by pneumatic otoscopy and tympanometry. After written 
informed consent was obtained, tympanocentesis of the af- 
fected ear(s) was performed. The child then was random- 
ized to receive either cefixime (8 mg/kg/day, once daily; or 
8 mg/kg/day, divided into two doses) or cefaclor (40 
mg/kg/day, divided into three doses). The patients were 
reassessed clinically 3 to 5 days and 10 to 14 days after en- 
try. Repeat tympanocentesis was performed if the patient 
had persistent or recurrent fever or otalgia up to 72 hours 
following entry into the trial. Compliance was monitored 
by evaluation of a patient diary and by measurement of 
the amount of study medication left after the 10-day 
course. At entry, and again at the 10- to 14-day visit, com- 
plete blood eount with differential and BUN, creatinine, 
alkaline phosphatase, total bilirubin, SGOT, and SGPT 
values were obtained. Randomization to the group receiv- 
ing cefixime once daily was discontinued after 10 patients 
were assigned. 


One hundred thirty-five patients entered the study. Six- 
ty-three received cefixime 8 mg/kg twice daily, ten re- 
ceived cefixime 8 mg/kg once daily, and 62 received cefa- 
clor 40 mg/kg three times daily. Of these 135 patients, 129 
met the criteria for final clinical evaluation: 60 receiving 
cefixime twice daily, ten receiving cefixime once daily, 
and 59 receiving cefaclor. Of the group receiving cefixime 
twice daily, 30 were male and 30 were female. Of the 
group receiving cefixime once daily, six were male and 
four were female. In the cefaclor group, 31 were male and 
28 were female. Unilateral acute OM was recorded in 
55% of the group receiving cefixime twice daily, 50% of 
the group receiving cefixime once daily, and 59% of the 
group receiving cefaclor. Table 21 shows that the age of 
the subjects was not significantly different between treat- 
ment groups. All patients were white. 


Table 22 shows that the most commonly isolated middle 
ear pathogensin all groups were S pneumoniae, H influen- 
zae, and B catarrhalis. In the group receiving cefixime 
twice daily, 32% of the H influenzae and 93% of the B 
catarrhalis isolates were 8-lactamase-producing; in the 
group receiving cefixime once daily, 50% of the H influen- 


TABLE 22. BACTERIOLOGY OF INITIAL ME ISOLATES 
FROM 129 SUBJECTS RELATED TO 
TREATMENT RECEIVED 





Cefixime Cefixime Totals 

Twice Daily Once Daily Cefaclor No. % 

S pneumoniae 21 5 25 51 40 
H influenzae 19 [ 6]* 4 [2] 16[3] 39 30 
B catarrhalis 15 [14] 1 [1] 9[5] 95 19 
S pyogenes 2 0 2 4 3 
$ aureus 2 0 0 2 2 
Other 23 6 24 53 41 
No growth 1 0 4 5 4 


*Numbers in brackets indicate 8-lactamase production. 


хае and 100% of the B catarrhalis isolates produced B-lac- 
tamase. In the cefaclor group, 19% of the Н influenzae 
and 56% of the B catarrhalis isolates were 8-lactamase- 
positive. 


Of the patients with at least one follow-up visit, 97% 
reported no clinical symptoms. There was no MEE in 
74% of the group receiving cefixime twice daily, 60% of 
the group receiving cefixime once daily, and 60% of the 
group receiving cefaclor. Recurrence of acute OM within 
90 days was noted in 44% of the group receiving cefixime 
twice daily, 40% of the group receiving cefixime once dai- 
ly, and 38% of the group receiving cefaclor. There were 
four initial treatment failures, two in the group receiving 
cefixime twice daily, and two in the group receiving 
cefaclor. Three of these patients underwent a second tym- 
panocentesis. In two of them, one of the original or- 
ganisms was re-isolated: diptheroids in one patient, and P 
aeruginosa in the other. In the third patient, no organism 
was isolated on either entry or follow-up tympanocentesis. 


Adverse reactions were recorded in 21% of the patients 
receiving cefixime twice daily, 60% of the patients receiv- 
ing cefixime once daily, and 11% of the patients receiving 
cefaclor. One patient in the cefaclor group developed a 
rash and discontinued the drug; all other patients were 
able to finish the full 10-day course. All side effects re- 
solved after the antimicrobial was stopped. 


In summary, in our study, cefixime appeared to be safe 
and effective when compared with cefaclor in the treat- 
ment of acute OM. 


REFERENCES 


1. Neu HC, Chin М, Labtha Vikul P. Comparative in vitro 
activity and beta-lactamase stability of FR 17027, a new orally 
active cephalosporin. Antimicrob Agents Chemother 1984;26: 
174-80. 


2. Shimada К, Yokota T, Saito A, Shimado J, Kumazawa J. 
Antibacterial activity and tissue levels of FK 027, a new genera- 
tion oral cephalosporin. Presented at the 24th Interscience Con- 
ference on Antimicrobial Agents and Chemotherapy, Washing- 
ton, DC, Oct 8-10, 1984. 


3. Bluestone CD, Klein JO. Otitis media in infants and chil- 
dren. Philadelphia: WB Saunders, 1988:46-7. 


62 Stool ¢> Bluestone, OMRC Progress Report — 1988 
CEFUROXIME AXETIL COMPARED TO CEFACLOR IN THE TREATMENT OF 


ACUTE OTITIS MEDIA WITH EFFUSION 
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Cefuroxime axetil, an esterified prodrug form of cefurox- 
ime, is a broad spectrum, 6-lactamase-active cephalo- 
sporin. It has excellent activity against many organisms 
associated with acute OM, including 8-lactamase-produc- 
ing strains of H influenzae and B catarrhalis. Cefaclor, a 
semisynthetic cephalosporin, has in vivo activity against a 
wide range of gram-positive and gram-negative organ- 
isms, including 8-lactamase-producing H influenzae. 


In the present study, the comparative safety and efficacy 
of cefuroxime axetil and cefaclor in pediatric patients with 
acute OM were examined. Children between 6 months 
and 12 years of age were eligible for entry. If they fulfilled 
the criteria for the diagnosis of acute OM (fever, pain, or 
irritability associated with positive pneumatic otoscopic 
findings), they underwent tympanocentesis and were ran- 
domized to receive either cefuroxime axetil or cefaclor for 
10 days. The dose of cefuroxime axetil was 125 mg/kg 
every 12 hours for patients less than 2 years of age, and 250 
mg/kg every 12 hours for patients over 2 years of age. The 
dose of cefaclor was 40 mg/kg/day in three divided dos- 
ages. Follow-up visits were scheduled for days 3 to 5 and 


TABLE 23. PATIENT CHARACTERISTICS 


Cefuroxime 
Axetil Cefaclor Total 

Number entered 88 54 142 
Sex 

Male 47 36 83 

Female 41 18 59 
Касе 

White 88 52 140 

Black 0 2 2 
Laterality of disease 

Unilateral 44 28 72 

Bilateral 44 26 70 


10 to 14, and then at 30, 60, and 90 days. Tympanometry 
was performed at entry, if possible. 


One hundred forty-two patients were entered into the 
study (Table 23). Results of this study are being analyzed. 


MEDICAL MANAGEMENT OF CHRONIC SUPPURATIVE OTITIS MEDIA 
WITHOUT CHOLESTEATOMA IN CHILDREN 


MARGARET A. KENNA, MD; CHARLES D. BLUESTONE, MD; JAMES S. REILLY, MD; 


RODNEY P. Lusk, MD 


Supported by Miles Pharmaceuticals. 


This report appears in complete form in Laryngoscope 1986;96:146-51. 


Presented at the meeting of the American Laryngological, Rhinological and Otological Society, Inc, Miami Beach, Florida, May 24-25, 


1985. 


Tympanomastoid surgery is considered standard man- 
agement for chronic suppurative OM without cholesteato- 
ma that is unresponsive to ototopical or oral antimicrobial 
therapy. This sequence of management is less attractive to- 
day, because of 1) potential ototoxicity of ototopical agents, 
2) lack of oral antimicrobial agents effective against most 
common pathogens (eg, P aeruginosa), 3) frequent occur- 
rence of the disease in children who have tympanostomy 
tubes, and 4) failure of tympanomastoid surgery to eradi- 
cate the disease in all cases. We conducted a study in 36 


pediatric patients with chronic suppurative OM, in which 
all received parenteral antimicrobial therapy and daily 
aural toilet (mean duration of treatment, 9.7 days). Thir- 
ty-two patients (89 % ) had resolution of the infection with 
medical therapy alone; four children required tym- 
panomastoidectomy. Further investigation is needed to 
elucidate the causation, pathogenesis, and most effective 
methods of management and prevention of chronic sup- 
purative otitis media in children. 


AUDIOLOCY 


ROBERT J. NOZZA, PHD 


MiddE ear effusion is known to reduce hearing sensitivity; hence, the first audiologic consideration is to measure the 
degree of Haring loss that accompanies the disease. From accurate measures of hearing, decisions regarding the usefulness 
of audiologic tests in the diagnosis and management of the disease can be made, and the effectiveness of a particular treat- 
ment can E» monitored. Audiometric data are gathered as a part of the clinical trials of the OMRC, and a portion of them 
are reviewed in this section. 


The greatest value of audiology to the study of OME ultimately will be found when questions regarding the effect of 
OME on developmental delay are addressed directly. The argument that OME causes developmental delay hinges on the 
assumptiorethat the hearing loss associated with OME is sufficient to disrupt the development of the structure and function 
of the cent. al auditory nervous system. Little effort, however, has been devoted to specifying better the nature of the 
auditory дєісі that accompanies OME early in life. Studies of the OMRC that are addressing these issues now include 
studies of t= effects of reduced signal intensity on the ability of infants to discriminate among linguistically relevant speech 
sounds. Alsc, behavioral tests of central auditory function in infants may provide information important to our understand- 
ing of development of the central auditory nervous system. 


In keeping with interest in the potential changes in structure and function of the central auditory system that accom- 
pany conduetive hearing loss, a study of auditory impairment in the rhesus monkey is underway. Measurement of elec- 
trophysiologic indices of central auditory nervous system development will be followed by anatomic studies of auditory 
brain stem ruclei in order to establish better the validity of the hypothesis that OME can cause CNS defects. In addition, 
another stucy using the animal model has revealed that hypothermia mimics the effect of maturation on the ABR and thus 
may provide information useful to the study of the development of the ABR in humans. 


HEARING ACUITY OF CHILDREN WITH OTITIS MEDIA WITH EFFUSION 


THOMAS J. FRIA, PHD; ERDEM I. CANTEKIN, PHD; JOHN A. EICHLER 


This report appears in complete form in Arch Otolaryngol 1985;111:10-6. 


Hearing le-els are reported for a cohort of 222 infants (7 sitivity at 2,000 Hz, where the average threshold was ap- 
to 24 monthsof age) and 540 older children (2 to 12 years proximately 27 dB HL. The mean three-frequency pure 
of age) with OME. The infants had an average speech tone average and speech reception threshold were 24.5 
awareness th-eshold of 24.6 dB hearing level (HL). The and 22.7 dB, respectively. Hearing acuity was not sig- 


older group kad mean bone conduction thresholds of less nificantly related to age or previous duration of OME. 
than 10 dB HL, and air conduction thresholds averaged 27 The otoscopic observation of an air-fluid level or bubbles 
dB HL at 500° 1,000, and 4,000 Hz, while the average was was associated with less hearing impairment; however, a 
20 dB at 2,090 Hz. The distributions of air conduction predictive relationship between hearing levels and tym- 
thresholds forpure tone stimuli are shown in Fig 35 for the panogram characteristics could not be demonstrated. 


older group. The OME had less of an effect on the sen- 
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Fig 35. Frequency distributions of 
pure tone air conduction thresh- 
olds associated with OME. Shown 
are individual test frequencies and 
average of pure tone thresholcs at 
500, 1,000, 2,000, and 4,000 Hz. 
x-axis is hearing level in dB, y-axis 
is percentage of children (repre- 
sented by one affected ear in each 
child). 
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EFFECTS OF OTITIS MEDIA WITH EFFUSION ON 


INFANT AUDITORY FUNCTION 


ROBERT J. NOZZA, PHD 


Presented at the Epidemiology of Otitis Media Workshop, Pittsburgh, Aug 28, 1986. 


Monaural sensitivity thresholds for speech sounds in in- 
fants with and without OME are being determined in or- 
der to elucidate the relationship between sensitivity and 
discrimination in infants. Preliminary results suggest that 
infants with normal tympanograms have a detection 
threshold for speech that is elevated by 15 to 20 dB relative 
to that of adults. Infants with OME evidenced by otoscopy 
or a tympanogram that is often associated with OME 
(such as type 12, for example) have a threshold that is 
elevated by about 20 dB relative to that of infants with 
normal ME function. That is, infants with OME are un- 
able to respond reliably to the speech sound stimulus until 
it is about 35 to 40 dB more intense than is required by 
adults with normal auditory function. This means that in- 
fants with OME operate with a 35- to 40-dB (approx- 
imately) hearing loss relative to normal adult hearing, 
which is due in part to the normal difference in detection 
threshold between the groups and in part to abnormal ME 
function due to the effusion. As a practical matter, infants 
between 6 and 8 months of age who have OME must learn 
the sounds of speech while at a serious disadvantage. In a 
speech sound discrimination study (this Supplement, p 
64), the distinction between /ba/ and /da/ was difficult for 
the infants without OME at 50 dB sound pressure level 
(SPL), a level only 20 dB, at most, below conversational 


speech. It is easy to imagine what a reduction in conversa- 
tional speech of 35 to 40 dB due to the normal difference in 
threshold and the hearing loss due to OME would do to 
the infant's ability to make linguistically relevant speech 
sound discriminations. 


As in most studies of hearing thresholds in the presence 
of ME disease, there is high variability across subjects. 
However, the threshold difference between infants with 
and without OME (18 dB) is about what would be ex- 
pected in any age group under the same conditions. The 
difference in detection threshold between the normally 
functioning infants and adults, also about 18 dB, is consis- 
tent with data on infant-adult differences in hearing in the 
low to middle frequencies (400 to 1,000 Hz). The two dif- 
ferences combined (35 to 40 dB), when considered in light 
of how normal-hearing adults experience their auditory 
world, could place the infants at a considerable disadvan- 
tage. 


Work is in progress to examine further the hearing of in- 
fants with and without OME. Together with a better 
understanding of how reduced signal intensity affects pro- 
cessing of complex auditory information, the threshold 
data will help us to determine whether OME causes a mild 
hearing loss, or something much worse, in infants. 


EFFECTS OF STIMULUS INTENSITY ON THE ABILITY OF 
INFANTS TO DISCRIMINATE SPEECH SOUNDS 


ROBERT J. NOZZA, PHD 


Supported in part by the Pennsylvania Lions Hearing Research Foundation. 
This report appears in complete form in J Acoust Soc Am 1987;81:1928-39. 


Presented at the meeting of the American Speech-Language-Hearin 


the Acoustical Society of America, Cleveland, May 12-16, 1986. 


Recent studies in infant speech perception have demon- 
strated that infants can discriminate among most, if not 
all, of the linguistically relevant speech sounds in our 
language. The effects of stimulus intensity on that ability, 
however, have not been investigated. The stimulus inten- 
sity factor is important for two reasons. First, as a 
methodologic issue, testing of discrimination performance 
at only a single stimulus intensity, as has been done in the 
past, assumes that performance is at its maximum at the 
arbitrarily selected stimulus intensity. In psychoacoustics, 
detection and discrimination performance vary with sig- 
nal intensity over some range of intensities. Therefore, 
testing at only a single stimulus intensity may bias results. 


Second, with respect to auditory development, knowl- 
edge of the impact of reduced stimulus intensity on ability 
to make linguistically relevant speech discriminations will 
provide the basis for studies of the effects of hearing loss on 
speech sound discriminations. Speech input is attenuated 
by ME disease, so it is essential that we begin to estimate 
how infants process speech information at intensities that 
are representative of levels they experience, both with and 
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without disease, in their everyday life. 


Two experiments were done with infants between 6 and 
8 months of age. In both, a computer-based visual rein- 
forcement head-turn procedure was used to estimate in- 
fants ability to discriminate between the syllables /ba/ 
and /da/. The intensity levels that were tested were 50, 60, 
and 70 dB SPL. The data reveal that when stimuli are pre- 
sented at 60 and 70 dB SPL, infant performance is very 
high (proportion correct, 0.79 and 0.82, respectively) rela- 
tive to chance (proportion correct, 0.50), but is consider- 
ably reduced when the signal is at 50 dB (proportion cor- 
rect, 0.60). This is revealing, because 50 dB is only slightly 
below the level of conversational speech in the environ- 
ment (60 to 70 dB SPL) and is well above levels at which 
adults would experience a similar degradation in perfor- 
mance in a simple speech sound discrimination task. This 
suggests that infants with even mild hearing loss, such as 
might accompany OME, may have reduced ability to dis- 
criminate speech sounds and, as a result, may be deprived 
of valuable auditory experiences. Further studies of the ef- 
fects of stimulus intensity on speech sound discrimination 
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may provide us with information on the specific dimen- 
sions of speech perception that are most jeopardized by 
mild hearing loss. From such information, hypotheses 


BINAUEAL ANALYSIS IN INFANTS 
ROBERT J. NOZZA, PHD 


Supported in part by the Deafness Research Foundation. 


about how OME and the accompanying hearing loss will 
affect the development of speech and language can be 
made and then tested experimentally. 


Presented at the meeting of the American Speech-Language-Hearing Association, Detroit, Nov 20-24, 1986. 


Analysis ef binaural information is of special interest in 
the study o auditory development, because it is an at- 
tribute of the central auditory nervous system rather than 
of peripheral mechanisms. The study of binaural hearing 
in infants, then, may provide one way to evaluate be- 
haviorally the development of an important aspect of cen- 
tral auditory nerveus system processing. This is especially 
important in the context of OME because of the possible 
link between the disease and defects of the central audi- 
tory nervous system. 


Sensitivity to interaural phase differences is one at- 
tribute of binaural hearing that has been widely studied in 
adults. Interaural phase cues aid in both sound localiza- 
tion and in selective listening in noise. 


One measure of sensitivity to interaural phase difference 
commonly used ir psychoacoustic studies is called the 
binaural release from masking. In an experimentally con- 
troled situation im which a binaural signal must be 
detected in tae presence of a binaural masking noise, a 
listener can vse interaural phase cues to increase detec- 
tability of the signal. That is, ability to detect a signal in a 
binaural noise that is in phase at the two ears (No) can be 
improved when the signal changes from in phase (S0) at 
the two ears to out of phase (S7) at the two ears. The dif- 
ference in detection threshold between the two interaural 
phase conditions (№50 versus No0S7), often called the 
binaural masxing level difference (BMLD), can be as 
much as 12 to 15 dE. 


Conditions that influence the BMLD in adults are 1) the 
level and bancwidth of the masker, 2) the interaural phase 
difference of tne signal, 3) the frequency or spectrum of 
the signal, 4) the hearing sensitivity of the listener, in- 
cluding the degree of symmetry between the ears, and 5) 
certain clinical conditions of the auditory system. This in- 
vestigation was designed to determine whether infants 
could demonstrate a binaural release from masking under 
conditions that faver release from masking in older 
children and adults in order to evaluate developmental 
change in one dimension of central auditory function. 


In two experiments, estimates of the BMLD were made 
for infants and adults. A computer-based operant head- 
turn procedure with visual reinforcement was used for the 
infant testing. The stimulus was a 500-Hz pure tone in the 
first experiment and a computer-synthesized speech sound 
(/ba/) in the second experiment. In each experiment, 
adults were tested under two separate masker intensities. 
One was the same as that used for the infants (noise spec- 
trum level, 35 GB) and the other was reduced in intensity 
so that the sensation level of the noise approximated that 
experienced by the infants. That is, the second masker in- 
tensity for adults was reduced in order to compensate for 
the difference in hearing threshold, which is known to in- 
fluence the BMLD, between infants and adults. 


The results were similar for both experiments. Infants (6 
to 10 months of age) in experiment 1 produced a BMLD 


TABLE 24. SUMMARY OF MEAN BMLD DATA FROM TWO 


EXPERIMENTS 
Experiment 1 Experiment 2 
Masker (500 Hz) (Speech) 

Infants 35 dB/Hz 5.6 5.0 

(2.2) (1.5) 
Adults 35 dB/Hz 10.4* 10.8* 

(2.5) (2.1) 
Adults 15 dB/Hz 9.0* T" 

(2.5) (2.8) 


Numbers in parentheses are SDs. 
*Statistically significant differences re: infant BMLD for same stimulus. 


for a 500-Hz tone that was smaller than that of the adult 
contro] group (Table 24), both when the masker was 
presented at the same intensity level and when it was 
reduced for the adults to adjust for hearing threshold dif- 
ferences between the groups.' А second group of infants (6 
to 8 months of age) in experiment 2, with a speech sound 
stimulus, again produced a smaller mean BMLD than the 
adults under both masker conditions.? 


The findings reveal that infants have a smaller release 
from masking than adults under interaural phase condi- 
tions that optimize the release from masking for adults. 
The difference in hearing threshold for the stimuli, at most 
20 dB in each case, could not account completely for the 
difference in BMLD between groups. That is, it appears 
that there is behavioral evidence of incomplete central 
auditory nervous system development during the first year 
of life. The BMLD seems to decrease in the presence of 
demyelinating disease such as multiple sclerosis, so it is 
possible that incomplete myelination of neural fibers in 
the infant could account for their small BMLD. 


There are, of course, other possible explanations for the 
infant data. Methodologic issues always cloud our ability 
to interpret infant behavioral data. In addition, there are 
many parameters that affect the BMLD in adults, so until 
more parametric studies of the BMLD in infants are com- 
pleted, it is not possible to rule out a changing region of 
maximum sensitivity for interaural phase differences as a 
function of age. That is, the frequency, masker intensity, 
or interaural phase difference that optimizes the BMLD in 
adults need not be the one that optimizes the BMLD in in- 
fants. Nonetheless, we have identified one dimension of 
central auditory function that will change with age and 
that may prove fruitful in the study of the effects of OME 
on auditory development. 


REFERENCES 


1. Nozza RJ. The binaural masking level difference in infants 
and adults: developmental change in binaural hearing. Infant 
Behav Devel 1987;10:105-10. 


2. Nozza RJ, Wagner EF, Krandell MA. Binaural release 
from masking for a speech sound in infants, preschoolers, and 
adults. J Speech Hear Res 1988 (in press). 


66 Stool & Bluestone, OMRC Progress Report — 1988 
AUDITORY IMPAIRMENT IN THE RHESUS MONKEY 


WILLIAM J. DOYLE, PHD; DENNIS DIRKMAAT; ERDEM I. CANTEKIN, PHD 


To document the effect of long-term conductive hearing 
impairments on the maturation of the developing auditory 
system in the rhesus monkey, nine newborn rhesus mon- 
keys were assigned to one of three equal study groups. 
Group 1 served as a control. For animals in group 2, the 
external auditory canal was excised unilaterally, and for 
those in group 3 the canal was excised bilaterally. The 
operation was performed at 1 week of age on the anes- 
thetized infants via a posterior auricular approach. All 
animals tolerated the operation well and upon return to 
their mothers resumed breast feeding without interrup- 
tion. Weekly weighing of all study animals documented 
normal developmental tendencies. All infants were 
weaned at 6 months and their mothers were sold to a 
breeding colony. 


The auditory acuity and pathway development of the 
infants were evaluated by the ABR before surgery and bi- 
monthly thereafter. These tests were alternated to include 
short test sessions consisting of click stimuli and long test 
sessions consisting of both click and tone-burst stimuli. 
Tone bursts were delivered at each of four frequencies: 
500, 1,000, 2,000, and 4,000 Hz. Stimulus intensity was 
varied from 60 dB HL to 10 dB HL for both stimulus 
types. All tests were conducted on animals sedated with 
ketamine hydrochloride. 


When the animals were 17 months of age, they were 
anesthetized and those ear canals previously closed were 
opened to the environment. Auditory brain stem response 
tests were performed immediately thereafter and again 
after 2 and 4 weeks. 


At approximately 18 months of age, the nine study ani- 
mals were anesthetized and killed by vital cardiac perfu- 
sion with fixative. Temporal bones were harvested from 
the cadavers and placed in fixative. The crania were 
opened and the brain, brain stem, and eighth nerve were 
carefully removed en bloc and placed in fixative. Speci- 
men jars containing the temporal bones and neural tissues 
were labeled with a coded study number. Temporal bone 
specimens were submitted to the Histopathology Labora- 
tories of the OMRC for further processing and celloidin 
embedment. Brain stem and associated neural tissues were 
shipped to Dr Douglas B. Webster of the Kresge Hearing 
Research Laboratory in New Orleans for processing and 
freeze sectioning in his laboratory. For these anatomic 
specimens, the responsible investigators (Dr Doyle and Dr 
Webster) are blinded to the group assignment of the indi- 
vidual animals from which the specimens were derived. A 
similar blinded data analysis could not be extended to the 
ABR test data, since the differences in hearing threshold 
between normal and canal excised ears were quite exten- 
sive and recognizable. 


The middle and inner ears of all study animals were fur- 
ther fixed, embedded in celloidin, and sectioned. Dr 
Isamu Sando of the Eye and Ear Hospital of Pittsburgh 
studied seven of the specimens and reported that no 
disorders of the middle ear or cochlea were evident. For 
ears with the external canal excised, no significant changes 
in the tympanic membrane were observed. In some cases 
the external canal showed some accumulation of debris 
(desquamated epithelium), but this was minimal and rare. 


On May 1, 1987, we received a summary of the quan- 
titative data on the monkey brain stems processed and 
analyzed by Dr Webster. We have since broken the code 
and entered the data into the laboratory computer. Results 
showed no well-defined differences in the volume of the 
brain stem nuclei or cross-sectional area of the neuronal 
soma among the three groups of animals (or sides of ani- 
mals, in unilateral procedures). There was no evidence of 
focal lesions, cell death, or atrophy in any of the brain 
stem sections from any specimen. 


To summarize the results of the ABR study, four groups 
of ears are considered: bilateral normal, bilateral conduc- 
tive loss, unilateral normal, and unilateral conductive 
loss. Tests on the animals during the first week after birth 
and prior to any surgery showed that the mean values of 
the various measures of neural transmission time were 
similar among the four groups of ears. During the second 
study week and following surgery, an increase in the la- 
tency of the three ABR waves was noted for the ears with 
their external auditory canal excised. Interwave latencies 
were largely unchanged, but latency ratios were signifi- 
cantly decreased. From the latency-ratio intensity func- 
tion (and other measures) of control ears, an estimated 
hearing loss of about 40 dB was recorded for the ears with 
the induced conductive hearing loss. The configuration of 
the hearing loss estimated by the tone burst data was 30, 
50, 50, and 10 dB at 500, 1,000, 2,000, and 4,000 Hz, re- 
spectively. For the age period of 0 to 18 months, the pat- 
tern of latency change for control ears measured at 20 dB 
HL and experimental ears measured at 60 dB HL showed 
that the conductive hearing loss in experimental ears was 
relatively constant for intensity attenuation and frequency 
range over the course of the study; there was no evidence 
of a sensorineural component to the loss; ABR maturation 
occurred in all ears to achieve normal adult values for 
their particular hearing level; and the rate of maturation 
was somewhat slower in the ears with conductive hearing 
losses. 


These results show that a severe conductive loss in the 
rhesus monkey does not significantly affect the maturation 
of the auditory pathway as measured by the ABR, though 
the rate of maturation may be slowed. They suggest that 
the significantly longer ABR latencies reported by Folsom 
et al' and Anteby et al? for children with a history of OME 
are not the result of an aborted maturation of the response 
secondary to the associated conductive hearing loss. 


This study does not support rejection of the null hypo- 
thesis stated above, and it calls into question the validity of 
extending results acquired in rodent species to other taxa 
including primates. 
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EFFECTS OF HYPOTHERMIA ON THE LATENCIES OF THE AUDITORY 
BRAIN STEM RESPONSE IN THE RHESUS MONKEY 


WILLIAM J. DOYLE, PHD; THOMAS J. FRIA, PHD 


Supported ів part by NIH grant DE 01697, Cleft Palate Center, University of Pittsburgh. 
This report ppears in complete form in Electroencephalogr Clin Neurophysiol 1985;60:258-66. 
Presented atthe meeting of the Association for Research in Otolaryngology, St Petersburg, F lorida, Feb 3-7, 1985. 


Past stucies of the electrical response of the auditory 
system to sound stimulation in the experimental animal 
have docur-ented a differential effect of temperature on 
the more peripheral and central auditory components. 
Specifically while the latency of the cochlear microphonic 
response wzs shown to be independent of temperature, 
that of the reural responses (N1 and №) increased with 
either systeraic or local cooling.’ Other studies employing 
the ABR shcwed an increase in the latencies of all compo- 
nent waves, a decrease in their amplitudes, and broaden- 
ing of the waves with decreasing temperatures in rats, 
guinea pigs. cats, and rabbits."* Similar changes were 
observed for the ABR of humans under conditions of in- 
duced hypothermia associated with open heart surgery." 
With respec to latencies, the changes were greater for 
temporally ater waves when compared to the earlier 
waves and the rate of change was reported to increase 
with decreasang temperatures.?'? In four studies, **:?'' at- 
tempts were made to quantify the degree of change in 
latencies wish decreasing temperature. Using the rat, 
Schorn et al* showed that a parabolic equation fitted the 
latency-temperature data of the ABR relatively well over 
the temperature range of 24°C to 33°C. Williston and 
Jewett® tranformed the latency data obtained from 
studies in rats to Q10 ratios by dividing the latency of a 
wave at a gi-en temperature by the latency of the same 
wave at a temperature 10°C higher. They reported that 
for older animals (> 30 days postpartum), the Q10 ratios 
were similar or the four ABR waves. This suggests that 
the increase ia latency with decreasing temperature may 
be modeled by use of an exponential function with iden- 
tical slopes for all waves. An exponential model is also sup- 
ported by the approximate fit of the parabolic equation 
described by Schorn et al* and by the general curvilinear 
nature of the plotted relationship between ABR latency 
and temperatere reported in a previous study.* Rossi and 
Britt'? recentl- studied the effect of decreasing tempera- 
ture on the AER of four cats. They reported that an expo- 
nential (Arrhenius’) function could be fitted to the data. 
This allowed fer the estimation of the activation energy of 
the process, vhich was similar for all five component 
waves of the response. Marsh et al'' employed a simple ex- 
ponential equz-ion to explain 98% of the variance in the 
IV-I interwave latency with decreasing temperature in 
guinea pigs. 


An exponentzl relationship of this nature was shown to 
describe the msturational changes in the latency of ABR 


waves in the rhesus monkey and humans.'"^" It is in- 
teresting that the effects of hypothermia may mimic these 
changes. The present study tests the applicability of using 
an exponential equation to model the changes in ABR la- 
tency associated with hypothermia in the rhesus monkey. 
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DISSEMINATION OF INFORMATION 


The dissemination of information is an important step in our research effort. There are a number of avenues by which 
this is accomplished; the most frequently used ones are presentations at scientific meetings and submission of articles to 
scientific journals. All of these undergo rigorous in-house editing prior to presentation or publication. Over 220 articles 
have been published since the founding of the OMRC in September 1980. 


We continue to expand our audiovisual capabilities with the addition of new camera equipment and a portable VCR 
that can be carried to meetings, health fairs, and other gatherings to show instructional films to a targeted audience. This 
VCR unit will also be used for parent/patient education in the clinical setting. 


Information regarding research projects within the OMRC is disseminated through a series of conferences. Principal 
investigators and project directors present their progress to date as well as discussing future research endeavors. These con- 


ferences are interdisciplinary and allow all of the personnel affiliated with the OMRC to appreciate the total research ef- 
fort. 


WORKSHOPS 


CONTFOVERSIES IN ANTIMICROBIAL AGENTS FOR OTITIS MEDIA 


Chairperson 
CHARLES D. BLUESTONE, MD 


Participarts 

DAVID М. F. FAIRBANKS, MD 
GEORGE /.. GATES, MD 
MARGARET A. KENNA, MD 
JEROME О. KLEIN, MD 


Supported in-part by a grant from Eli Lilly and Company. 


WILLIAM R. MCCABE, MD 
JACK L. PARADISE, MD 
GEORGES PETER, MD 
PETER F. WRIGHT, MD 


The proceedings of *his workshop appear in Pediatr Ann 1984;13:361-432. 


Experts ir infectious diseases, pediatricians, internists, 
and otolaryr gologists gathered in Miami on Jan 13, 1984, 
to discuss some of the most important questions related to 
antimicrobizl therapy for OM that remain unanswered. 
The followiag was the consensus of the workshop con- 
ferees. 


1. Antimic-obial therapy is indicated for acute OM. 

2. Importent areas for investigation include studies of 
the need for *hese agents in children with varying 
degrees »f severity of OM. 

3. Investig tion is needed to determine optimal duration 
of therasy. Outcomes of such studies should include 
not only resolution of acute signs and symptoms but 
also incidence of suppurative complications, duration 
of MEE. and recurrence rates. The patient's compli- 
ance wita the therapeutic regimen must be assessed as 
part of taese investigations. 

4. There ar= many possible reasons for clinical failure 
during the course of antimicrobial therapy. When 
faced with such a failure, the clinician should con- 
sider the -elevaace of the many factors listed. 

5. The impertance of B catarrhalis as the causative 
organism in OM has been identified in studies from 
Clevelanc and Pittsburgh, but the incidence of OM 
due to ths bacterium in other geographic areas has 
not been defined recently. 

6. Further iavestigations of diffusion of antimicrobial 
agents inte the ME and of the importance of size of in- 
oculum ot the bacterial pathogen in ME fluid were 
suggested. 


pP 


10. 


Hi. 


12. 


13. 


14. 


No convincing data from clinical trials have been re- 
ported to support the value of myringotomy with or 
without antimicrobial therapy for acute OM. 


. The conferees agreed with the usage of myringotomy 


for suppurative complications of OM and the other 
indications described by Dr Gates. 


. The conferees expressed concern that widespread use 


of antimicrobial prophylaxis might lead to an in- 
creased number of serious drug-related reactions. 
Even though the limited clinical trials reported no se- 
rious side effects, Dr Paradise asked the group, 
"When nothing goes wrong, is everything OK?" 

The choice of drug, dosage, schedule, and duration of 
antimicrobial prophylaxis remains controversial. 
Even though ototopical drugs are used widely by 
clinicians for the treatment of OM in which the tym- 
panic membrane is not intact, there are no published 
clinical trials that justify such usage. 

The conferees expressed concern about the possible 
ototoxic effect of drugs of known ototoxicity, such as 
polymyxin and neomycin, since they may achieve 
high concentrations in the ME when applied topical- 
ly. 

An initial course of parenteral antimicrobial therapy 
should be administered prior to surgical intervention 
for chronic suppurative OM. 

The risk/benefit and cost/benefit ratios of medical 
and surgical management were discussed, and the 
conferees suggested further investigation of outpatient 
administration of parenteral antimicrobial therapy 
for children with chronic suppurative OM. 


EUSTACFIAN TUBE FUNCTION: PHYSIOLOGY AND ROLE IN OTITIS MEDIA 


Chairperson 
CHARLES D. BLUESTONE, MD 


Participants 

LARS ANDRE.uSSON, MD 

QUINTER С. 3EERY, PHD 

ANITA К. Н. 3YLANDER, MD 
MARGARETHA L. CASSELBRANT, MD, PHD 
THOMAS Е. CEMARIA, PHD 

WILLIAM J. LOYLE, PHD 

AVRIM R. EDzN, MD 

BERNT FALK, MD, PHD 
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JOSEPH C. FARMER, JR, MD 
STEN HELLSTROM, MD, PHD 
JORDEN HOLMQUIST, MD, PHD 
Iwao HoNJo, MD 

RICHARD T. JACKSON, PHD 
TIMOTHY T. K. JUNG, MD 
JEROME O. KLEIN, MD 
TADAMI KUMAZAWA, MD 
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TORBEN LILDHOLDT, MD, PHD 
KAJ LUNDGREN, MD 

GERD MUNKER, MD 

ROBERT J. NOZZA, PHD 

ERVIN OSTFELD, MD, MS 
STEWART R. ROOD, PHD, MPH 
ISAMU SANDO, MD, DMS 


Supported in part by a grant from Beecham Laboratories. 


GAIL B. SHAPIRO, MD 
MICHAEL I. SIEGEL, PHD 
LARS-ERIC STENFORS, MD, PHD 
ORJAN TJERNSTROM, MD 
MIRKO Tos, MD 

KOICHI YAMASHITA, MD 

T. J. Yoo, MD 


The proceedings of this workshop appear in Ann Otol Rhinol Laryngol 1985;94(suppl 120). 


On Sept 13-14, 1984, a workshop was convened in Pitts- 
burgh to discuss the major research interests concerning 
the anatomy, pathology, physiology, and pathophysiology 
of the ET-ME system and the role of the system in the 
pathogenesis of OM and its complications and sequelae. 
Researchers from Scandinavia, Japan, Israel, and the 
United States presented papers on the following topics: 
anatomy, physiology, pathophysiology, pathology, ani- 
mal models, and the role of the ET in OM and certain re- 
lated disorders. The workshop conferees concluded that 
even though we know a great deal about the ET and its 
role in ME disorders, more research will be required to 
fully understand the physiology and pathophysiology of 


this system. More specifically, the following were recom- 
mended during the proceedings: 


1. Relate animal findings to physiologic and pathophysio- 
logic observations both in animal models and humans. 

2. Better define tests of ETF that can be used meaningful- 
ly by the clinician. 

3. Develop a better understanding of ETF and its relation 
to ME disease and disorders. 

4. Improve our knowledge of ETF so that nonsurgical 
and surgical methods of prevention and management 
of tubal dysfunction and ME disease can be made on a 
more rational basis than presently. 


CONTROVERSIES IN SCREENING FOR MIDDLE EAR DISEASE AND 


HEARING LOSS IN CHILDREN 


Chairpersons 
CHARLES D. BLUESTONE, MD 
THOMAS J. FRIA, PHD 


Co-Editor 

SANDRA K. ARJONA, MLS 
Participants 

FRED H. BESS, PHD 

ERDEM I. CANTEKIN, PHD 
MARGARETHA L. CASSELBRANT, MD, PHD 
MARION P. Downs, MA, DHS 
GEORGE A. GATES, MD 
CHARLES GROSS, MD 

JAMES F. JERGER, PHD 

О. T. KENWORTHY, PHD 
JEROME O. KLEIN, MD 

M. CRISTINA LESKE, MD, MPH 


Supported in part by a grant from Eli Lilly and Company. 


The proceedings of this workshop appear in Pediatrics 1986;77:57-70. 


The workshop convened in Washington, DC, Oct 
18-19, 1984. The goal of this workshop was to assemble ex- 
perts in pediatrics, infectious disease, otolaryngology, 
epidemiology, audiology, and biostatistics to assess the 
current status of screening for OM in infants and children. 
In addition to the medical specialists, representatives from 
federal funding agencies and from screening instrument 
companies were present in an ex officio capacity. The need 
for such a workshop had become increasingly apparent 
with the advent of the widespread use of tympanometry as 
a case-finding method and the controversies that have sur- 
rounded these proliferating screening programs. Specifi- 
cally, the objectives of the workshop were as follows. 


l. To review the state of our knowledge of ME disease in 
children in terms of its epidemiology, diagnosis, man- 


JERRY L. NORTHERN, PHD 
JACK L. PARADISE, MD 
HOWARD E. ROCKETTE, PHD 
KENNETH D. RocERS, MD 
ROBERT J. RUBEN, MD 
DANIEL M. SCHWARTZ, PHD 
RICHARD H. SCHWARTZ, MD 
SYLVAN E. STOOL, MD 

PAUL F. WEHRLE, MD 
WESLEY R. WILSON, PHD 


agement, complications, and sequelae, all of which 
pertain to the justification for screening. 


2. To review the epidemiologic bases of screening and 
relate these to OM. 


3. To review current viewpoints on screening for ME 
disease from professionals in the field. 


4. To review the current status of screening programs in 
the United States. 


9. To attempt to reach a consensus as to the target 
population to be identified by screening and the most 
appropriate and reasonable method for screening and 
referral. 


6. To make recommendations as to the best manner in 
which to resolve the remaining controversial issues. 
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CHRON.C SUPPURATIVE OTITIS MEDIA 


Chairperson 
CHARLES I*. BLUESTONE, MD 


Participans 

ORVAL E. 3ROWN, MD 

WILLIAM А. CRAIG, MD 

STARKEY Г. Davis, MD 

MALCOLM D. GRAHAM, MD 
MARGARET A. KENNA, MD 

JEROME O. KLEIN, MD 

WILLIAM L. MEYERHOFF, MD, PHD 


Supported in »art by a grant from Miles Pharmaceuticals. 


TETSUO MORIZONO, MD 
JOHN D. NELSON, MD 

CARL W. NORDEN, MD 
MATTHEW POLLACK, MD 
BENNETT 5. VOGELMAN, MD 
CHARLES С. WRIGHT, PHD 


The proceedirzs of this workshop appear in Ann Otol Rhinol Laryngol 1988;97 (suppl 131). 


The workhop was convened in Pittsburgh on Aug 
29-30, 1985, with four main goals: 1) to determine our 
state-of-knov-ledge of the etiology, pathogenesis, manage- 
ment, prevertion, complications, and sequelae of chronic 
suppurative )M in children, 2) to reach a consensus on a 
management prevention plan, 3) to recommend areas that 
require basic and clinical research for us to better under- 
stand the disease and improve the health care of our pa- 
tients, and 4) to disseminate this information to the health 
care commurity. To accomplish these goals, we invited 
experts in otelaryngology, pediatrics, infectious diseases, 
pharmacology, and microbiology to share their knowl- 
edge. A summary of the findings follows. 


Epidemiol. gy and Natural History. The workshop con- 
ferees agreed that there is limited information related to 
the epidemidogy and natural history of chronic sup- 
purative OM without cholesteatoma. The only data that 
are available«come from specialized populations, such as 
the American Indians, and these are limited to prevalence 
data. It was »oncluded that a formal study is needed to 
establish the incidence and prevalence of chronic sup- 
purative OM in the general population, as well as in cer- 
tain otitis-prcae groups. 


Microbiology. The conferees concluded that definitive 
studies of the microbiology of chronic suppurative OM 
have not beer reported in the past. They suggested that 
future microsiologic studies include culture for both 
aerobic and anaerobic microorganisms as well as Gram’s 
stain. Materizls available for culture are otorrhea, ME 
mucosa, mastoid bone, and granulation tissue. It was 
recommendec that material for culture always be ob- 
tained prior tc the start of treatment for chronic suppura- 
tive OM. If n=dical treatment is planned, then appropri- 
ate perioperat ve antimicrobials can be employed. 


Раіһорепеѕё. Limited information on the pathogenesis 
of chronic suppurative OM is available at present. Areas 
for future research include studies of ET dysfunction and 
associated syssemic diseases, including allergy and the 
microbiology cf chronic suppurative OM. Specifically, is a 
defect of the ympanic membrane always necessary for 
chronic suppuzative OM, or can this disease process devel- 
op behind an пќасё tympanic membrane? Does chronic 
suppurative О Л always develop as a consequence of acute 
OM, or can it develop as a separate entity? 


Animal Mocels. The conferees discussed the limitations 
of applying incormation derived from animal models of 
chronic suppu ative OM, but stressed that the etiology, 


pathogenesis, and pathology can be examined in animals. 
In addition, animal models could be used to study the ef- 
fectiveness and safety of certain treatments for chronic 
suppurative OM. Specifically, the effects of ototopical 
agents on the inner ear in both the normal and the diseased 
state can be evaluated. 


Pathology. The conferees recommended studies in both 
animals and humans to determine the possible relation 
between the microbiology and the pathology of chronic 
suppurative OM. There is also a need to determine when 
the pathologic changes of chronic suppurative OM are 
reversible or irreversible; this would be important in 
determining whether medical or surgical treatment, or 
both, are indicated. 


Diagnosis. The conferees stressed that accurate diagno- 
sis of the offending organism(s) may not be determined by 
culturing the site of the perforation or the tympanostomy 
tube. Biopsy of the bone or the tissue is considered the 
most accurate technique for diagnosis of infection in other 
sites. Specifically, in osteomyelitis, biopsy and culture of 
the bone is considered the "gold standard" for diagnosis 
and effective treatment. Better methods for eliminating 
cholesteatoma as a cause of chronic otorrhea should be in- 
vestigated. These methods always should include careful 
otomicroscopic evaluation of the ME, as well as radio- 
graphic and audiometric studies. If a large air-bone gap or 
a sensorineural hearing loss is noted on the same side as the 
disease, and/or if there is extension of the disease outside of 
the mastoid bone on radiographic study, then cholestea- 
toma should be suspected strongly. The conferees agreed 
that all clinicians caring for children who have chronic 
drainage from the ear should obtain specimens for micro- 
biologic assessment, including Gram's stain and culture, 
and if the drainage does not clear on conservative treat- 
ment, the child should be referred to an otolaryngologist 
for further evaluation. 


Ototoxicity of Ototopical Agents. The conferees recom- 
mended that ototopical agents should be prescribed with 
caution for children with nonintact tympanic membranes, 
since animal studies have shown histopathologic changes 
in the inner ears of animals that have had certain oto- 
topical medications applied to their MEs. These medica- 
tions include many of the agents that are prescribed cur- 
rently for chronic suppurative OM. Further laboratory 
and clinical studies are needed urgently to determine if 
these histopathologic changes translate into hearing loss 
and whether the same changes occur if the medications are 
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applied to a diseased ME, since most of the studies were 
done on healthy animals without ME disease. The con- 
ferees recommended prospective randomized clinical trials 
that are placebo-controlled and double-blinded in both 
animals and humans with and without chronic suppura- 
tive OM. 


Antipseudomonal Agents. The conferees recommended 
efficacy and safety (eg, ototoxicity) studies of old and new 
systemic antimicrobial agents for patients with chronic 
suppurative OM. The conferees stressed that physicians 
should not extrapolate the natural history of Pseudomonas 
infections in other parts of the body to that of Pseudo- 
monas chronic suppurative OM; the ME and mastoid 
should be considered a unique area that has not been 
studied adequately in the past. 


Clinical Pharmacology. The conferees recommended 
that studies are needed to determine the pharmacokinetics 
of antimicrobial agents in patients with chronic sup- 
purative OM. These studies, which should include oto- 
topical agents and systemic agents, should be conducted in 
both animals and humans. 


Medical Therapy of Osteomyelitis. The conferees 


EPIDEMIOLOGY OF OTITIS MEDIA 


Chairperson 
CHARLES D. BLUESTONE, MD 


Participants 

DAVID J. BESTE, MD 
LEON BROSTOFF, MD 
ERDEM I. CANTEKIN, PHD 
DAVID CANTERBURY, EDD 
MARGARETHA L. CASSELBRANT, MD, PHD 
KENNY H. CHAN, MD 
HELEN CRAIG, PHD 
GREGORY J. DEVER, MD 
WARREN F. DIVEN, PHD 
WILLIAM J. DOYLE, PHD 
MARILYN J. FIELD, MPM 
PHILIP H. FIREMAN, MD 
PHILLIP A. KALEIDA, MD 
MARGARET A. KENNA, MD 
JEROME O. KLEIN, MD 
HA-KYUNG C. KIM, PHD 
MICHAEL KRAMER, MD 
KAJ LUNDGREN, MD 
ELLEN М. MANDEL, MD 


Supported in part by a grant from Beecham Laboratories. 


The workshop was held Aug 28-29, 1986, in Pittsburgh. 
Experts in epidemiology, biostatistics, otolaryngology, pe- 
diatrics, infectious diseases, communicative disorders, an- 
thropology, and immunology/allergy were gathered to 
present the state of our knowledge of the epidemiology 
and natural history of OM and to identify specific needs 
for future research. A listing of the topics discussed and 
conclusions follows. 


1. Methodology: problems of identification of disease, 
analysis of repeated measures in paired organs over 
time, design considerations in epidemiologic studies. 

2. Incidence, prevalence, and natural history of OM in 


recommended studies to determine the efficacy of par- 
enteral and oral antimicrobial therapy for patients with 
chronic suppurative OM, given on both an inpatient and 
an ambulatory basis; they noted that intravenous outpa- 
tient therapy is a safe and effective method for other dis- 
ease states. 


Surgical Therapy. Randomized clinical trials of the 
various surgical methods to eradicate and prevent chronic 
suppurative OM should be conducted and should be com- 
pared with the most effective and safest methods of non- 
surgical management, which also include local debride- 
ment of the area without major mastoid and ME surgery. 


Prevention. The conferees recommended that clinical 
trials be conducted to determine the most effective and 


safest methods to prevent chronic suppurative OM in 
children. 


Complications and Sequelae. Studies of the epidemiolo- 
gy of the complications and sequelae that occur in patients 
with chronic suppurative OM should be performed. These 
studies should include the assessment of hearing, as well as 
intratemporal and extratemporal suppurative complica- 
tions. 


COLIN MARCHANT, MD 
RICHARD H. MICHAELS, MD 
JOHN D. NELSON, MD 
ROBERT J. NOZZA, PHD 
JACK L. PARADISE, MD 
JUHANI PUKANDER, MD 
JAMES S. REILLY, MD 
HOWARD E. ROCKETTE, PHD 
KENNETH D. ROGERS, PHD 
ISAMU SANDO, MD, DMS 
PAUL SHURIN, MD 
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JOSEPH STEWART, PHD 
SYLVAN E. STOOL, MD 
TOMONORI TAKASAKA, MD 
WENDELL TODD, MD 
MIRKO Tos, MD 

ELLEN R. WALD, MD 
GEORGE W. WILLIAMS, PHD 


different geographic areas and populations: Japan, 

Denmark, Sweden, Finland, Micronesia, American 

Indians, Alaskan Natives, Boston, Pittsburgh, Cleve- 

land. 

Incidence of complications and sequelae. 

Epidemiology of etiologic factors: geographic area, 

allergy-immunology, ETF, breast feeding, environ- 

ment, heredity. 

9. Special populations: cleft palate, schools for the deaf, 
Down syndrome and other congenital abnormalities. 


oos 


The conferees concluded that even though a great deal 
is known about the epidemiology and natural history of 
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OM, there ге many questions left unanswered. It is evi- 
dent that the disease is highly prevalent throughout the 
world, withsthe highest incidence in infants; but other fac- 
tors (in addi-ion to age) have not been studied adequately: 
sex, race (ethnic groups), season, genetics, host defenses 
(eg, immunboiogy), anatomy, emotional state, nutrition, 


breast feeding, child rearing, environmental, geographic, 
socioeconomic, microbiology (prenatal, perinatal, and 
postnatal), and nasal obstruction. Since the conferees 
could not agree on the rate of OM in infants, a study to 
determine the incidence and prevalence in that age group 
should be undertaken as soon as possible. 


APPENDIX: OTITIS MEDIA RESEARCH CENTER 
ORGANIZATION AND STAFF 


The overall conduct of the OMRC is under the supervision of the Center Director, who is advised by the Executive 


Committee at regularly scheduled meetings. In addition, the Principal Investigators of each clinical and laboratory project 
meet with the Director on a regular basis for determination of progress and advice in problem solving. The External Con- 
sultants visit at least once a year to evaluate progress made and to suggest possible changes in protocols. Visiting Professors 
are invited periodically for consultation and instruction. The administrative and fiscal activities are coordinated by the 
Center Manager. The major divisions of the OMRC are organized as shown in the following diagram. 





















Center Director 
Charles D. Bluestone, MD 


Center Manager 

Marilyn J. Field, MPM 
Center Biostatistician 
Howard E. Rockette, PhD 


Research Compliance Coordinator 
Marian F. Cleland 


Secretary 
Lori А. Bogdan 


Executive Committees — 
Clinical Research 
Charles D. Bluestone, MD 
Jack L. Paradise, MD 
Howard E. Rockette, PhD 
Margaretha L. Casselbrant, MD, PhD 
Ellen M. Mandel, MD 
Robert J. Nozza, PhD 
Marilyn J. Field, MPM 


External Consultants 
Jerome O. Klein, MD 
David J. Lim, MD 

Brian F. McCabe, MD 
Josef M. Miller, MD 
Robert J. Ruben, MD 
Paul F. Wehrle, MD 
George W. Williams, PhD 


Outreach Program - 
Pediatricians 

Frederick P. Wucher, MD 

Mark M. Blatter, MD 

Keith S. Reisinger, MD 

Lee W. Bass, MD 

Jerome H. Wolfson, MD 

Jane M. Breck, MD 


Basic Research 

Charles D. Bluestone, MD 
William J Doyle, PhD 
Michael I. Siegel, PhD 
Isamu Sando, MD 
Warren F. Diven, PhD 
Marilyn J. Field, MPM 





Principal Investigators and Project Directors 


l. 


Charles D. Bluestone, MD, Professor of Otolaryngology, University of Pittsburgh School of Medicine; Director, De- 
partment of Otolaryngology, Children’s Hospital of Pittsburgh 


‚ Margaretha L. Casselbrant, MD, PhD, Research Assistant Professor of Otolaryngology, University of Pittsburgh 


School of Medicine: Director of Clinical Research, Department of Otolaryngology, Children’s Hospital of Pittsburgh 
Warren F. Diven, PhD, Associate Professor of Pathology and Biochemistry, University of Pittsburgh School of 
Medicine 

William J. Doyle, PhD, Associate Professor of Otolaryngology, University of Pittsburgh School of Medicine; Director 
of Laboratory Research, Department of Otolaryngology, Children’s Hospital of Pittsburgh 


Ellen M. Mandel, MD, Assistant Professor of Pediatrics, University of Pittsburgh School of Medicine; Clinical 
Research Pediatrician, Department of Otolaryngology, Children’s Hospital of Pittsburgh 


Robert J. Nozza, PhD, Assistant Professor of Otolaryngology, University of Pittsburgh School of Medicine; Director of 
Audiology, Division of Audiology, Children’s Hospital of Pittsburgh 
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. Jack L Paradise, MD, Professor of Pediatrics and Community Medicine, University of Pittsburgh School of Medicine; 


Directcr, Ambulatory Care Center, Children’s Hospital of Pittsburgh 
Howard E. Rockette, PhD, Professor of Biostatistics, University of Pittsburgh Graduate School of Public Health 
Isamu Sando, MD, Professor of Otolaryngology and Pathology, University of Pittsburgh School of Medicine 


. Michae. I. Siegel, PhD, Professor of Anthropology, University of Pittsburgh 
. Sylvan E. Stool, MD, Professor of Pediatrics and Otolaryngology, University of Pittsburgh School of Medicine; Direc- 


tor of Education, Department of Otolaryngology, Children's Hospital of Pittsburgh 

John S. Todhunter, PhD, Research Assistant Professor of Electrical Engineering, University of Pittsburgh School of 
Engineering 

Ellen F. Wald, MD, Associate Professor of Pediatrics, University of Pittsburgh School of Medicine; Associate Medical 
Directcr, Ambulatory Care Center, Children's Hospital of Pittsburgh 


Associate Irvestigators 


р 
. Lawrence J. Butler, MS, Medical Student, University of Pittsburgh School of Medicine 

. Erdem I. Cantekin, PhD, Professor of Otolaryngology, University of Pittsburgh School of Medicine 

. Alan H. Chamovitz, MD, Allergist, Pittsburgh 

. Kenny H. Chan, MD, Assistant Professor of Otolaryngology, University of Pittsburgh School of Medicine; Staff 


л > Co N 


Leon M. Brostoff, MD, Pediatrician, HealthAmerica 


Otolarrngologist, Department of Otolaryngology, Children's Hospital of Pittsburgh 


. Craig €. Derkay, MD, Resident in Otolaryngology, University of Pittsburgh School of Medicine 
. Gregor» Dever, MD, Assistant Professor of Pediatrics, John A. Burns School of Medicine, University of Hawaii; Direc- 


tor, Pa-ific Basin Medical Officers Training Program 


. Philip *ireman, MD, Professor of Pediatrics, University of Pittsburgh School of Medicine; Director, Division of 


Allergy Immunology and Rheumatology, Children’s Hospital of Pittsburgh 


Thoma. J. Fria, PhD, Assistant Professor of Otolaryngology (former), University of Pittsburgh School of Medicine; 
Directc- (former), Division of Audiology, Department of Otolaryngology, Children's Hospital of Pittsburgh 


. Roger A. Friedman, MD, Assistant Clinical Professor of Allergy and Pediatrics, Ohio State University and Columbus 


Children’s Hospital 


. Robert Ч. Glew, PhD, Professor of Biochemistry, University of Pittsburgh School of Medicine 
. Wendy L. Golden, PhD, Assistant Professor of Pediatrics and Associate Director of Cytogenetics, Department of 


Pediatrcs, Case Western Reserve University and Rainbow Children's Hospital, Cleveland 


. Yoshie dashida, MD, Professor of Pathology, University of Pittsburgh School of Medicine 
. Andrew J. Hotaling, MD, Associate Chief of Pediatric Otorhinolaryngology, Children's Hospital of Michigan, Detroit 
. Phillip 4. Kaleida, MD, Associate Professor of Pediatrics, University of Pittsburgh School of Medicine; Associate 


Directo: of Ambulatory Community Pediatrics Fellowship Program, Ambulatory Care Center, Children's Hospital of 
Pittsburzh 


. Georg Eeleti, PhD, Adjunct Associate Professor, University of Pittsburgh Graduate School of Public Health 
. Margaret A. Kenna, MD, Assistant Professor of Surgery, Pediatrics, and Otolaryngology, Yale University School of 


Medicir= 


. Mansanori Kitajiri, MD, Research Fellow in Otolaryngology, University of Pittsburgh School of Medicine 


Anthony L. Kovatch, MD, Fellow in Pediatric Infectious Disease (former), University of Pittsburgh School of 
Medicine, Division of Infectious Diseases, Children’s Hospital of Pittsburgh 


. Karen L. LaMarco, MS, Graduate Student (former), OMRC, Department of Biochemistry, University of Pittsburgh 


School cf Medicine 


. Jacques Е. Leclerc, MD, Otolaryngologist, LeCentre Hospitalier de l'Universite Laval, Quebec, Canada 


Rodney 2. Lusk, MD, Director, Department of Pediatric Otolaryngology, Children's Hospital, St Louis 
Scott C. Manring, MD, Assistant Professor of Otolaryngology at the University of Texas Health Science Center, Dallas 


24. Richard H. Michaels, MD, Professor of Pediatrics, University of Pittsburgh School of Medicine; Director, Division of 


Infectiors Diseases, Children's Hospital of Pittsburgh 


25. Eugene N. Mvers, MD, Professor and Chairman, Department of Otolaryngology, University of Pittsburgh School of 


26. 
21. 


Medicin- 
Hideji Gkuno, MD, Department of Otolaryngology, Tokyo Medical and Dental University, Tokyo 


James S. Reilly, MD, Chief Pediatric Otolaryngologist of Children's Hospital of Alabama; Associate Professor of the 
Universi y of Alabama at Birmingham 
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Kenneth D. Rogers, MD, Professor and Chairman, Department of Community Medicine, University of Pittsburgh 
School of Medicine 


. Stewart R. Rood, PhD, MPH, Associate Professor of Otolaryngology, University of Pittsburgh School of Medicine; 


Coordinator of Medical Education and Administrative Coordinator, Department of Otolaryngology, Eye and Ear 
Hospital of Pittsburgh 
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in endoscopic sinus 
surgery continues. 


Viewed with a 30° telescope in the right nasal 
cavity, we see mucopurulant drainage from the 
middle meatus into the nasopharynx. Note the 
accessory maxillary ostium in the area of the 


fontanelle. 





ollowing ethmoideGony and middle 
eatal antrostomy, tick mucous is 
aspirated from the lest maxillary sinus as 


seen through a 30° telescope. 


arl Storz GmbH & Co. 

ittelstr. 8-Postfach 4752 
-7200 Tuttlingen, W Gerrany 
17461) 7080 

elex 762 656 Storz d 

ax 49 7461 708153 


In the rapidly expanding field 
of endoscopic sinus surgery, no 
influence has been as important as 


the instrumentation of Karl Storz. 


From the beginning, Karl Storz faci- 
litated diagnosis and procedures 
in the narrow passages of the 
sinuses with specially designed 
endoscopic instrumentation. Karl 
Storz continues the revolution 
by providing the finest endoscopic 
equipment available in the world. 
Slender sinoscopes with 
incomparable HOPKINS* rod lens 
optics provide the brightest, clear- 


ative instrumentation fits 
neatly alongside the tele- 


est image available — BR 

excellent for video and Gig tt 

still documentation. Oper- | 
D 


scope, minimizing trauma E 


and bleeding. Together 

they've become the logi- 

cal extension of the sur- 

geon'’s hand, responding smoothly 
in tight sinus passageways. 

In nasal endoscopy, one is 
surrounded by very delicate tissue. 
Even the slightest trauma can be 
very significant. Precise orientation 
is mandatory. 

Karl Storz offers the true 0° 
straight forward telescope, affording 
the best possible orientation. The 
0° telescope gives you the comfort 


Karl Storz Endoscopy-America, Inc. 
10111 W Jefferson Blvd. 

Culver City, CA 90232-3578 

Toll Free (800) 421-0837 

In CA (800) 252-2008 


Karl Storz 

Endoscopia Latino America, Inc. 
815 N.W 57th Ave., Suite 342 
Miami, FL 33126 

(305) 262-8980 

Telex 5106016506 KARL STORZ 
Telefax 305 262 8986 
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of knowing the precise orientation 
of your instruments. 

Only Karl Storz instruments 
are specially modified for the 
Messerklinger technique and make 
all other endoscopic sinus surgery 
less traumatic. 

Most of today's advanced 
procedures are made possible by 
the breadth and precision of 
Karl Storz instruments. No other 
company offers the diagnostic, 
documentation, and operative 
options of Кап Storz. 

Whether one is beginning 

or experienced in the 
field of endoscopic sinus 
surgery, the extensive 
educational resources 
of Karl Storz are of tre- 
mendous benefit. Take 
advantage of videotapes, 
books, sponsored 
courses, and other 
materials. And our professional 
representatives are a resource 
unmatched by апу other company 
in this area. 

Call or write today for detailed 
information or a demonstration. 
Join the continuing revolution 
in endoscopic sinus surgery with 
the finest instrumentation ever 
designed. 


*Invention of Professor H.H. Hopkins 


Kari Storz 
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HEADACHES AND SINUS DISEASE: THE ENDOSCOPIC APPROACH 


HEINZ STAMMBERGER, MD GERALD WOLF, MD 


GRAZ, AUSTRIA 


Headacaes can be of sinugenic origin even if this cause may not be suspected from the case history. Endoscopy of the lateral nasal wall 
with rigid celd light endoscopes in combination with polytomography or computed tomography usually will reveal the underlying causes 
hidden from: the unaided eye, the operating microscope, and standard x-ray examination. Small lesions in the lesser cells of the ethmoid 
complex ma” give rise to headaches, especially when located in the key areas of the ethmoid infundibulum or frontal recess. Many ana- 
tomic variatons of the structures in the middle meatus can narrow the stenotic clefts even more and thus predispose to more or less intense 
contact of o»posing mucosal surfaces. This may impede or block ventilation and drainage of the ethmoid and surrounding larger sinuses 
and thus affect those as well. After identification of these underlying causes, functional endoscopic sinus surgery with usually minimal 
operations orten can provide dramatic relief of symptoms that may have been present for months or even years. The neuropeptides recently 
were newly :dentified as a group of mediators besides the neurotransmitters noradrenalin and acetylcholine. Substance P (SP) is one of the 
most important neuropeptides that we can identify in the human nasal mucosa. It mediates pain impulses to the cortex via afferert C 
fibers. Simultaneously from polymodal receptors in the nasal mucosa, local reflexes are mediated by SP via an axon reflex, causing 
vasodilatatien, plasma extravasation (“neurogenic edema"), and hypersecretion. The receptors can be stimulated by chemical and caloric 
irritants anc alsc mechanical irritants such as pressure. The pressure exerted on nasal mucosa by polyps or mucosal swelling due to other 
reasons in the ethmoid clefts, cells, and narrow spaces apparently can be enough to trigger an SP-mediated pain sensation via afferent C 
fibers. Overthe axon reflex an initially small lesion may lead in a vicious circle to quite significant symptoms. The model of “referred pain" 
explains wh- the pain is not necessarily felt at its origin, but may be projected onto corresponding dermatomes. The pain-mediating func- 
tion of SP cen be blocked selectively by capsaicin, the pungent component of red pepper, which leads to desensitization of the receptors and 
degeneratioa of the afferent C fibers without affecting other sensory qualities. In patients with vasomotor rhinitis we were able to block all 
the patients symptoms including headaches by topical administration of capsaicin. After identification of underlying causes with en- 
doscopy anc CT, lesions and contact areas should be operated upon if medical treatment fails. The Messerklinger technique has given us 
the best surgical results with minimal patient trauma. In the future, it is possible that capsaicin may offer greater benefit in selected cases. 


KEY WORDS — capsaicin, endoscopic sinus surgery, ethmoid lesions, neurotransmitters, pain mediation, sinus headaches, substance P. 


Headache can be a very annoying symptom for ble sphenoid or posterior ethmoid disease. Pain 
patients and also for those trying to treat them. The around the glabella, around thé inner canthus, “е- 
otorhinolaryngologist is confronted as a rule with tween” or “above” the eyes, or intraorbitally suggests 
three different groups of headache patients: anterior ethmoid and/or frontal sinus disease. 

1. Those with headaches clearly connected to some The pain is usually characterized as being “dull” 
sinus problem, such as inflammatory disease, and is combined with a feeling of pressure and full- 
neoplesm, barotrauma, or another readily iden- ness. In acute cases there may be a pulsating pain, 
tifiable cause. especially when the head is bent forward or when 

2. Those with headaches clearly traceable to nonsi- the patient is under physical stress. 


nus causes such as migraine, neuralgias, cervical 
spine disorders, too low/high blood pressure or 
other ~ascular disorders (“ісе cream headache"), 
temporomandibular joint disease, ophthalmic re- 
fracticn problems, allergies, etc. 

3. Those whose problems are not clear and in 


Figures 1 and 2 demonstrate endoscopic findings 
in a patient with massive polyposis and one with 
acute suppurative sinusitis. From these illustrations 
it is easy to understand why these patients suffered 
from headaches. 


whom: there seems to be no overt indication of Through the use of the rigid nasal endoscope we 
sinus cisease. It is this group of patients that can can identify relatively easily underlying causes such 
presert a very rewarding challenge for the nasal as tumors, specific diseases such as sarcoidosis (Fig 
endoseopist. 3), and even very high and posteriorly located sep- 


The tyoical triad of sinusitis symptoms is nasal tal spurs.' It has been pointed out by some that sep- 


iet ; i i 
ongestioa or obstruction, pathologic secretion, and TABLE 1. PREDOMINANT SYMPTOMS IN 100 








headache Headache is extremely variable. Of 100 CONSECUTIVE PATIENTS WITH SINUSITIS REFERRED 
consecutive patients seen in our clinic with the diag- TO GRAZ ENT DEPARTMENT 

nosis of acute or chronic sinusitis, 48 complained Symptom No. Patients 
variably ef headache (Table 1). Typical complaints Gongestion/abstruetion 89 

of possible sinugenic headaches are pain at the very MCN 64 

top of thecalvarium sometimes together with a “cen- Fullness/pressure — mild pain 69 

trally loceted” or bitemporal pain, indicating possi- Severe headaches 48 





From tł= University ENT Clinic, Graz, Austria. 


Additiomal copies of this publication are available from Dr Stammberger, Universitats-HNO-Klinik, Auenbruggerplatz 20, A-8036 Graz, Austria, or 
may be »urchased from Annals Publishing Company, 4507 Laclede Ave, St Louis, MO 63108. 
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Fig 1. Polyps protruding A) from right middle meatus and B) (fibrous polyp) from left middle meatus. 
cm — concha media (middle turbinate), up — uncinate process, p — polyps, s — septum. 


tal spurs or deviations contacting the turbinates 
may cause "contact" headaches. Greenfield? recent- 
ly demonstrated the mechanisms of referred pain in 
lesions of the septal and turbinal mucosa. 


If only one symptom of the triad prevails clinical- 
ly, we will still look for sinusitis if this symptom is 
congestion or suppurative rhinorrhea. If the symp- 
tom is headache alone and all the results of our 
studies seem to be normal (routine sinus radiographs, 
anterior and posterior rhinoscopy, nasal examination 
with the operating microscope, and sinus translumi- 
tion), we should still consider a sinus-related cause, 
especially when additional examinations by the 
ophthalmologist, dentist, internist, and others re- 
veal no pathologic findings and cervical spine radio- 
graphs, electroencephalographs, and computed to- 
mographs of the brain are normal. Detection of dis- 
ease in the narrow spaces of the lateral nasal wall 
hidden to casual examination, the operating micro- 





Fig 2. Acute purulent sinusitis, left side, with bulging me- 
dial infundibular wall (iw) and escape of pus from infun- 
dibulum and frontal recess. cm — concha media, s — sep- 
tum. 


scope, and conventional radiographs is a challeng- 
ing task for the endoscopist. 


PATHOGENESIS AND ANALYSIS OF CAUSES 


Sinus disease usually starts in the middle nasal 
meatus.?** Both secretion and aeration of the maxil- 
lary sinus have to take place through the very nar- 
row ethmoid infundibulum between the uncinate 
process medially and the lamina papyracea lateral- 
ly. Through the hiatus semilunaris, bordered by the 
rear margin of the uncinate process anteriorly and 
the anterior wall of the ethmoid bulla posteriorly, 
secretions enter the middle meatus. The frontal 
sinus via the frontal recess drains either directly into 
the ethmoid infundibulum or, if the infundibulum 
ends in a superior blind pocket — the recessus ter- 
minalis — medially from the infundibulum into the 
middle meatus (Fig 4A). Any condition narrowing 
or blocking these spaces and interstices may lead to 
secretion retention and poor ventilation and thus 





Fig 3. Sarcoidosis of nasal mucosa, right inferior meatus. 
ci — concha inferior, s — septum. 
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F g 4. A) Tomogram depicting ethmoid infundibulum (i) 





between uncinate process medially and papyraceous lamina 


laterally. Superior blind pocket (recessus terminalis) of infundibulum. Frontal recess (rf) in this case drains medially 
{тот infundibulum. B) Computed tomogram showing circumscribed disease in infundibulum on patient’s left with 


resulting maxillary empyema. There is more pronounce 
well. be — ethmoid bulla, i — ethmoid infundibulum. 


predispose to consequent infection of the larger, ad- 
jacent siauses (Fig 4B). Sometimes very localized 
areas of contact of opposing mucosal surfaces in 
these key areas of the anterior ethmoid may lead to 
such a Hlockage, which in turn may alter nasal 
function If opposing mucosal areas come into in- 
tense cortact, their ciliary beating stops or is im- 
peded. The mucus between these contacting areas is 
no longe- transported; this stasis provides an ideal 
conditior for viral and bacterial infection. Depend- 
ing on tle intensity and duration of such a condi- 
tion, disease may spread throughout the vicinity, 
especiall^ to the larger sinuses. 


Most cften, however, these processes remain lo- 
calized t» the middle meatus, causing only one of 
the typical sinusitis symptoms: the feeling of pres- 
sure, congestion, and fullness; a postnasal dis- 





Fig 5. Concha bullosa of middle turbinate (cm) on left. In- 
tense centact of medial infundibular wall with lateral face 
of turbaate (arrows). Polyp (p) rises from area of mucosal 
contact up — uncinate process, s — septum. 


d ethmoid disease on right with resulting maxillary disease as 


charge; or simply headaches. These headaches are 
due to 1) constant intense mucosal contact accord- 
ing to the "referred pain" concept, 2) malventila- 
tion or nonventilation of the sinuses with resulting 
hypoxia, or 3) pressure from proliferating polyps. 
This contact/pressure phenomenon, as recent studies 
carried out at our institution have shown, may be 
one of the factors causing polyp growth by the local 
liberation of neuropeptides such as substance P and 
seems to be a factor in mediating pain. 


Time and again we find that polyps begin in the 
middle meatus, originating from areas of intense 
mucosal contact (Fig 5). On the other hand, when 
removing polyps from isolated ethmoid narrow 
spaces or cells, we often find astonishingly large 
polyps in very small niches, where they apparently 


TABLE 2. FREQUENT ANATOMIC VARIATIONS 
PREDISPOSING TO HEADACHES AND 
RECURRENT SINUSITIS 





Septal deviation/spurs 
Agger nasi cells 


Uncinate process 
Medially bent 
Laterally bent 
Curved anteriorly ("doubled middle turbinate") 
Fractures (trauma, iatrogenic) 
Contacting turbinate 
Pneumatized 


Middle turbinate 
Concha bullosa (pneumatized) 
Paradoxically bent 
Bulging into lateral nasal wall 


Ethmoid bulla 
Large, filling middle meatus 
Contact areas (especially polyps) 
Anterior growth, overlapping hiatus semilunaris 
Protruding from middle meatus 


Combinations of all of the above 
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were under considerable pressure, thus adding to 
the patient's discomfort. The anterior ethmoid has a 
very intricate anatomy with an enormous number 
of possible variations. In performing diagnostic en- 
doscopy, we must be able to discern normal find- 
ings from disease, which can be very challenging 
when investigating the middle meatus with the 
rigid endoscope. The technique of systematic endos- 
copy of the nasal meatuses with special attention to 
the ethmoid cells and spaces in the lateral nasal wall 
was first described by Messerklinger.?''5 


These techniques together with CT enable us to dis- 
cover disease otherwise hidden from the eye, the op- 
erating microscope, and conventional radiographs. 
Some of the typical and more frequent abnormali- 
ties predisposing to headaches and/or recurrent 
sinusitis are listed in Table 2. Not all of these condi- 
tions are disease states per se, but they are factors 
that may reduce the already narrow spaces of the 
anterior ethmoid and thus give rise to areas of mu- 
cosal contact, secretion retention, and malventila- 
tion and/or infection of the larger sinuses, or pro- 
mote polypoid degeneration of opposing mucosal 
surfaces. All these conditions, even when very small 
and circumscribed, may have one dominating clini- 
cal symptom: headache. 


Fig 6. Diseased agger nasi cells (ag). A) Cells are diseased on both sides. 
Frontal recess still clear. Note close relation of cells to lacrimal fossa (If, 
arrow). B) On right, opacification extending into frontal recess (rf) as 
well. C) Bulging medially on left side (30? wide angle lens). cm — con- 
cha media, s — septum. 


AGGER NASI CELLS 


The agger nasi (that area anterior and superior to 
the insertion of the middle turbinate at the lateral 
nasal wall) may be pneumatized to various degrees 
(Fig 6A,B). Pneumatization usually starts from the 
frontal recess, which then in turn receives the 
drainage from these cells. Even when not diseased, 
agger nasi cells may narrow the frontal recess, de- 
pending on their pneumatization, and may com- 
pletely block it when diseased. Laterally they bor- 
der the lacrimal fossa, the bone of which may have 
dehiscences normally. Infections of the agger nasi 
cells therefore may affect the lacrimal sac and be 
the cause of epiphora and other diseases such as 
dacryocystitis. Infections may spread from the fron- 
tal recess and/or ethmoid infundibulum to these 
cells and vice versa, depending on the configuration 
of the uncinate process. Endoscopic inspection usu- 
ally shows some extent of bulging of the lateral na- 
sal wall in the agger nasi area (Fig 6C). Sometimes 
pathologic secretions from the frontal recess may in- 
dicate disease in that area, or increased vascularity 
or (more rarely) inflamed mucosa indicating hidden 
disease. Sometimes, however, endoscopy may be 
misleading at first and only CT will show the vari- 
ant or basic disease. This is usually a bilateral find- 
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Fig 7. Variations of uncinate process (pu). A) View of pu bent medially and anteriorly, giving impression of “doubled” middle tur- 
binate. There is intense mucosal contact. B) Medially bent pu (left side) blocking entrance into middle meatus. C) Medially bent pu 
with meddle turbinate (concha media [cm]) luxated medially for demonstration of condition. Pathologic secretion from infun- 
dibulur: (arrows). s — septum. D) Tomogram of medially bent uncinate process (pu). Note cloudiness of infundibulum on left. E) 
Schemz-ic drawing of possible infundibular stenosis. If inferior turbinate (concha inferior [ci]) is infractured medially (curved a-- 
rows), and fracture point (#) is lateral to uncinate process (*), this may narrow infundibulum (small arrows). sm — maxillary sinus, 


be — eshmoid bulla, cm — concha media. 


ing, but -gger nasi cells may present with different 
extents of pneumatization, with only one side being 
diseased. 


VARIATIONS OF UNCINATE PROCESS 


The uzcinate process may present with unusual 
deflectioas (Fig 7). Its free posterior margin may be 
deflected medially to such an extent that it comes 
into intemse contact with the middle turbinate, vir- 
tually blocking the entrance into the middle meatus. 
It may even, like the brim of a hat, be curved ante- 
riorly ou. of the meatus and be mistaken for a sec- 
ond middle turbinate. This condition has, in fact, 
been calbd the “doubled middle turbinate."'* This 
conditior is especially prone to creating contacting 
mucosal areas in the anterior portion of the middle 
meatus when combined with a “paradoxically bent" 
middle tv rbinate (Fig 8A,B) or a pneumatized mid- 
dle turbiaate. The uncinate process may be curved 
extremel- laterally as well, thus narrowing the hi- 


atus semilunaris and the ethmoid infundibulum, 
impeding drainage and ventilation of all anterior 
ethmoid cells. Zinreich et al" have offered radio- 
graphic evidence that the uncinate process can be- 
come pneumatized as well, creating additional nar- 
rowing in that area. This process may be fractured 
and displaced by trauma, and we have seen several 
cases of iatrogenic displacement of the uncinate 
process leading to stenosis and even atresia of the in- 
fundibulum and, with this, atresia of the maxillary 
ostium. 


In some cases of intranasal antrostomies or Cald- 
well-Luc procedures the surgeon may fracture the 
inferior turbinate medially to facilitate the ap- 
proach to the inferior meatus window. If the frac- 
ture point of the turbinate lies lateral to the unci- 
nate process's insertion at the inferior turbinate, the 
process will be shifted laterally when the turbinate 
is moved medially. This may close the infundibu- 















lum and impede drainage from the maxillary sinus, 
thus creating one of the conditions that will be det- 
rimental to the health of those sinuses (Fig 7E). 


PARADOXICALLY BENT MIDDLE TURBINATE 


As an anatomic variant, the convexity of the mid- 
dle turbinate may project laterally instead of medi- 
ally (Fig 8C). In the extreme, the middle turbinate 
may bulge into the lateral nasal wall, sometimes 
compressing all the delicate structures therein. If 
combined with other abnormalities such as a medi- 
ally bent uncinate process, this condition predis- 
poses to recurrent infundibular disease and some- 
times headaches alone. 


PNEUMATIZED MIDDLE TURBINATE 
(CONCHA BULLOSA) 


Usually a bilateral finding, pneumatization of 
the middle turbinates can grow to such an extent 
that the bulging heads of the turbinates completely 
fill the space between the septum and the lateral 
nasal wall. The entrance to the middle meatus then 
may be completely blocked, creating large areas of 
extensive mucosal contact. Pneumatization usually 
starts from the frontal recess, at times with the tur- 
binate cell opening into the middle meatus itself. 
The superior nasal meatus may pneumatize down- 
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Fig 8. Uncinate process (pu). A,B) During asymptomatic and 
symptomatic episodes in one patient. A) Moderately para- 
doxically bent middle turbinate on left in asymptomatic 
period. Entrance to middle meatus is narrowed. B) During 
episode of headache; medial wall of infundibulum is bulging 
medially, completely blocking entrance to middle meatus. 
There is intense mucosal contact. There is small perforation in 
pu with escape of some viscous secretion (arrow). s — septum. 
C) Tomogram of bilateral paradoxically bent middle turbi- 
nates, showing long pu, narrow infundibulum, and mucosal 
thickening of lateral face of middle turbinate on left (arrows). 
cm — concha media, ci — concha inferior. 


ward into the middle turbinate and constitute a 
“concha bullosa” itself (which has been called the 
“interlamellar cell").'* Pneumatized middle turbi- 
nates may present with all kinds of symptoms, from 
a feeling of pressure to nasal airway obstruction. 
They indeed may be diseased themselves by housing 
polyps, cysts, pyoceles, or mucoceles, or they may 
cause symptoms by their sheer size. Figure 9 clearly 
demonstrates how the hiatus semilunaris, the eth- 
moid infundibulum, and the frontal recess can be 
narrowed by a pneumatized middle turbinate and 
that it requires only minimal mucosal swelling of 
whatever origin to close these important gaps com- 
pletely. Sometimes retention cysts of the frontal 
sinus or even mucoceles result from disease caused 
by a pneumatized middle turbinate (Fig 10). (These 
are another cause of headache.) Polyps commonly 
arise where the lateral wall of a pneumatized mid- 
dle turbinate bulges into the lateral nasal wall (Fig 
11A) or has grown to virtually close the frontal 
recess (Fig 11B). 


VARIATIONS OF ETHMOID BULLA 


The ethmoid bulla can be pneumatized to such a 
degree that it completely fills the sinus of the middle 
turbinate, which is the space in the convexity of 
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Fig 9. Concha bullosa (cb). А,В) Bilateral. A) Computed tomogram showing only minimal patency 
of clefts between cb and ethmoid bulla (be). Narrow infundibulum (i, arrow). B) Tomogram show- 
ing bilateral disease. Frontal recess (rf, single arrow) and infundibulum (double arrows) are 
opacified. Patient had nasal obstruction, feeling of pressure, and headaches. Anterior rhinoscopy 
and Waters’ view were unremarkable. C,D) On left side. C) Bulging extensively into lateral nasal 
wall. D) In intense contact with medial infundibular wall, blocking entrance into middle meatus. 
Compare to Fig 5. cm — concha media, pu — uncinate process, s — septum. 


that turbina. This is one of the key findings іп bulla and turbinate can be very extensive, almost 
many headache patients. The contact between like a gauze packing of the middle meatus. It is im- 





Fig 10. Radiographs of frontal sinus area. A) Large cyst in left frontal sinus. B) Bilaterally diseased concha bullosa (cb) 
and opac-'ication of frontal recess (rf) on left (underlying cause of cyst). 
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Fig 11. A) Polypoid changes of uncinate process mucosa (arrows) in area of contact with lateral face 
of large concha bullosa, which for demonstration has been displaced medially. cm — concha media. 


B) Mucosal swelling in contact area (arrows) extending into frontal recess. cm — thin insertion 
lamella of huge concha bullosa (pneumatized concha media), only partly visible in inferior part of 
picture. 





Fig 12. Variations of ethmoid bulla (be). A) Large be filling middle meatus. Accessory ostium in posterior nasal 
fontanelle (asterisk, arrow). cm — concha media. B) Bilateral be, diseased on right. C) Extensively pneumatized 
be on right, overlapping uncinate process (pu) and thus blocking hiatus semilunaris and infundibulum (30° 
wide angle lens). 51 — sinus lateralis above bulla. D) Tomogram of patient in C with massive opacification of 
middle meatus and maxillary sinus. Straightforward endoscopic solution is to resect be, with no need to touch 
maxillary sinus. 
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Fig 13. A) Polyps arising from areas of mucosal contact between bulla and middle turbinate (p1) (left 
side). Ethmoid bulla has been opened and its medial lamella resected. Some polypoid mucosa is visible 
at floor of bulla (p2). Maxillary ostium behind some remnants of uncinate process, which has been 
resected almost completely (arrow). asp. — aspirator. B) Diseased ethmoid bulla (be) on right with pus 
extruding through anterior perforation. sl — lateral sinus, cm — concha media. 


portant te realize this condition on CT or conven- 
tional torsography, as it may be overlooked or read 
as normz, as there is normally no radiographic 
opacificasion of either of these structures in the case 
of contac headaches (Fig 12A). This condition can 
almost always be clearly identified during middle 
meatus er doscopy. The bulla may grow anteriorly 
and protmide from the middle meatus like a mush- 
room. It mav overlap the hiatus semilunaris, and 
with it the infundibulum and the maxillary sinus os- 
tium, ane thus predispose the patient to recurrent 
maxillary sinusitis (Fig 12C,D). Frequently, the 
contact area between bulla and turbinate is dis- 
eased. In fact, this is one of the most frequent spots 
in which »olvps originate (Fig 13A). The bulla may 
be diseased itself, or it may be filled with pus (Fig 
13B), cyss, or polyps — usually surprisingly large 
polyps, which apparently were under considerable 
pressure i their small “housing,” thus adding to the 
patient's »eeling of pressure and headache. 


The vzriable space above and posterolateral to 
the bulla the so-called “lateral sinus,"'* is another 
ethmoid aarrow space hidden from the eye and ra- 
diograph that may show isolated disease, the only 
symptom of which may be headache and a postna- 
sal discherge. If there are defects in the basal lamel- 
la, іѕеа can spread from the lateral sinus to the 
posterior ethmoid — to our knowledge and experi- 
ence the most important route of infection of the 
posterior ethmoid compartment. As another ana- 
tomic variant in the bullar complex, “Haller’s cells" 
(Fig 14) may cause problems. These are anterior 
ethmoid -ells that, if present, grow into the floor of 
the orbit precisely in the region above the maxillary 
sinus ostiam. This ostium can be narrowed mechan- 
ically by -he dimension of these cells (Fig 14), espe- 
cially when diseased. This, of course, is another 
conditior predisposing to "recurrent" maxillary 


sinusitis when the reason for the disease is not local- 
ized within the sinus itself. 


DISEASED ETHMOID INFUNDIBULUM 


The ethmoid infundibulum, basically bordered 
by the uncinate process medially and the lamina 
papyracea laterally, houses the ostium of the maxil- 
lary sinus in the area of its middle to posterior third. 
Via the hiatus semilunaris (between the posterior 
free margin of the uncinate process and the anterior 
face of the ethmoid bulla), the infundibulum com- 
municates with the middle nasal meatus. Ventila- 
tion and drainage of the maxillary sinuses must oc- 
cur via the infundibulum. This may be the case also 
with the frontal sinus if, for example, the uncinate 
process slowly fades superiorly toward the skull base 





Fig 14. Computed tomogram of Haller's cells (h). On 
right, narrowing of infundibulum clearly can be seen (ar- 
row). There is minor mucosal swelling at floor of maxillary 
sinus. Paradoxically bent middle turbinate on right, small 
concha bullosa on left. be — ethmoid bulla. 
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Fig 15. Infundibulum. A) Polypoid change of mucosa of medial infundibular wall on left side (arrows). B) Concha 
bullosa with polypoid mucosa (p) of medial infundibular wall, blocking entrance into middle meatus. Small polyp 
(arrow) rising from area of contact between middle turbinate (cm) and septum (s). C) Typical endoscopic aspect of 
chronically diseased infundibulum with superior aspects of medial infundibular wall (iw) bulging medially. There is 
pathologic secretion in depths of meatus. D) Computed tomogram of diseased infundibulum on right (small i). Reac- 
tive mucosal swelling in maxillary sinus (small arrows). Compare to free infundibulum on left side (large i, large arrow). 


and does not bend laterally to attach to the lamina 
papyracea. In this case, the frontal recess must 
drain directly into the infundibulum (Fig 4A).'? 
The ethmoid infundibulum holds the key position 
for cure or reinfection of its vicinity, especially of 
frontal and maxillary sinuses.' ?:*:9-5:12.12.1520 Almost 
all of the conditions mentioned above may affect in- 
fundibular patency to various degrees. Here and in 
the frontal recess most of the causes for sinugenic 
headaches can be found. 


As it is only 2 to 5 mm wide, contact of opposing 
mucosal surfaces readily occurs in the infundibu- 
lum, giving rise to a variety of possible symptoms. 
There are typical endoscopic signs bespeaking in- 
fundibular disease, as the mucosa on the medial side 
of the uncinate process reflects processes that are oc- 
curring on its lateral side, ie, inside the infundibu- 
lum (Fig 15A-C). 


There are, however, cases of limited disease in 
the infundibulum causing symptoms massive to the 


patient — disease that may even be virtually unrec- 
ognizable with the endoscope. Diagnostically, these 
are the cases in which CT and endoscopy comple- 
ment each other best. Time and again we have been 
able to identify relatively small polyps or cysts in the 
depths of the infundibulum as the underlying cause 
for headaches of many years' standing (Fig 16). 


Here, too, large polyps can be found protruding 
from the infundibulum after the uncinate process 
has been resected — polyps of a size seemingly too 
large for the spaces they were in. These polyps must 
be under considerable pressure, productive of the 
patient's pain and feeling of pressure and fullness 
(Fig 17). 


DISEASED FRONTAL RECESS 


The frontal recess is the ethmoidal “prechamber” 
to the frontal sinus. The health or disease of the latter 
completely depends on the conditions of the frontal 
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Fig 16. Polyp removal. A) Small polyp (p) from infundibulum, visible only during endoscopy. B) 
Tomogram of same patient showing diseased infundibulum (i) on both sides. C,D) After resection of 
uncinate process, multiple polyps can be removed from infundibulum and frontal recess. asp — 
aspirator, cm — concha media, s — septum. 





Fig 17. A) Uncinate process (pu) bent medially, some brownish secretion from infundibulum 
‘arrow). Otherwise apparently unremarkable finding. B). Same patient after resection of pu. (Ar- 
rows indicate resection margin of uncinate.) Massive polypoid disease of infundibulum (p). asp — 
aspirator, cm — concha media, s — septum. 
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recess. Details of the mucociliary transport in this 
structure have been described by Messerklinger' ???? 
and one of the authors.? Given its close topographic 
relation to the ethmoid infundibulum, many dis- 
eases will spread from there to the frontal recess and 
thus affect the frontal sinus as well. For most in- 
flammatory diseases of the frontal sinus as well as 
for cysts, air-fluid levels, and mucoceles, the under- 
lying cause can be identified in the frontal recess.?* 


Fig 18. Diseased frontal process. A,B) Typical endo- 
scopic findings. A) Left, edematous mucosa bulging at 
root of turbinate (arrow). B) Right, similar finding. cm 
— concha media, s — septum. C,D) Computed tomo- 
grams of patient with frontal headaches. C) After mu- 
cosal shrinking of frontal recess (rf), small polypoid le- 
sion in infundibulum can be seen on right (arrow). As 
infundibulum communicated with rf in this case, fron- 
tal disease probably spread there from infundibulum. 
D) Opacification of rf on both sides. E) Scars (arrows) 
between middle turbinate and lateral nasal wall after 
nasogastric intubation. cm — concha media, s — sep- 
tum, pu — uncinate process. 


As this area is not always easily accessible to the en- 
doscope, a combined diagnostic approach (CT/en- 
doscopy) is of great importance. As mentioned 
above, agger nasi cells and concha bullosa can be 
pneumatized from the frontal recess. A disease of 
one of these structures therefore can affect the oth- 
ers. The frontal sinus is especially liable to be the 
basis of headaches when malventilated or otherwise 
diseased. 
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Fig 9. A) Purulent secretion emanating from right sphenoethmoid 
recess. sph.o. — sphenoid sinus ostium, cm — concha media, cs — 
concaa suprema, s — septum. B,C) Tomograms of extensively 
pnermatized posterior ethmoid and sphenoid sinus depicting B) re- 
latica to foramen rotundum (fr, arrows) and canal for vidian nerve 
(спу arrows) and C) disease in posterior ethmoid/sphenoid sinus 
(arre ws) affecting fr on right. D,E) Sphenoid sinus. D) Right, mu- 


coce-e. E) Left, cyst (c). ppt — pterygoid processes. 


Typical encoscopic and radiographic findings of 
a diseased frontal recess are shown in Fig 18. The 
superior part of the uncinate process may bulge 
medially , anc the agger nasi or the area above the 
insertior of the middle turbinate may protrude or 
present ncreased vascularity. Sometimes only very 
discrete signs of a disease, such as a minimal 
amount »f pathologic secretion, may be present en- 
doscopically. 


Similer symptoms in rare cases may occur be- 





cause of scarring or synechia in the middle meatus 
area following surgery, nasal packing, nasotracheal 
intubation, or nasogastric intubation. 


UNUSUAL LESIONS 


There are a number of more unusual lesions caus- 
ing sinugenic headaches. Isolated sphenoid sinus le- 
sions such as cysts, polyps, or mycotic infection can 
give rise to a more "central" headache. Endoscopi- 
cally, a stream of pus or viscid mucus sometimes can 


16 Stammberger & Wolf, Headaches & Sinus Disease 





be seen in the sphenoethmoid recess (Fig 19А); 
sometimes it may not be possible to evaluate the 
sphenoid sinus ostium directly. Sphenoid sinus le- 
sions may be recognized on a plain radiograph but 
are better defined on CT. 


The foramen rotundum with the second branch 
of the trigeminal nerve may be in close relationship 
to the mucosa of the posterior ethmoid and sphe- 
noid in cases of extensive pneumatization of these 
sinuses. If these are diseased, this may well affect 
the nerve and the patient may present with trigemi- 
nal neuralgia-like symptoms. The vidian nerve, 
too, may be in close relation to an extensively pneu- 
matized sphenoid and thus be irritated in cases of 
sinus disease (Fig 19B-E). With these in mind as 
possibilities, we can expect on occasion to unearth 
the underlying cause of an allegedly "idiopathic" 
neuralgia, which then can be treated surgically 
with success. 


Only the endoscope and tomography helped us to 
detect a small cyst (Fig 20A) sitting at the roof of the 
maxillary sinus on the infraorbital nerve. Conven- 
tional radiographs had failed to demonstrate it. The 
symptom of midfacial pain, which we believe was 
originating from that cyst, had long been treated 


Fig 20. Small cyst (c) on infraorbital nerve (canalis nervi infraorbitalis 
[cni], arrow) in right maxillary sinus. A) Asymptomatic larger cyst is 
seen in fontanelle area of left maxillary sinus. B, C) Endoscopic findings 
for patient in A. B) Retention cyst at roof of right maxillary sinus. 
om — maxillary ostium, oa — accessory ostium in fontanelle, t — edge 
of trocar sleeve. C) After endoscopic removal of cyst, course of infraor- 
bital nerve can be seen (arrows). 


medically as trigeminal neuralgia, as there was no 
history of any sinusitis or other sinus problems. A 
minor endoscopic procedure was followed by relief 
of the patient's problems (Fig 20B,C). We cannot, 
of course, claim direct causality, because there 
could have been a placebo effect. 


All of the above conditions should be considered 
if headaches or other symptoms remain after naso- 
antral window or Caldwell-Luc operations despite 
the fact that the latter operation ostensibly may 
have been well done. 


In a study published recently** we demonstrated 
that if the same problems for which the patient was 
operated upon persist or recur after window surgery 
or more radical antral operations, they do not cor- 
relate with the size or patency of the window, nor 
with the degree of maxillary sinus disease. There is, 
however, a clear correlation with persisting eth- 
moid disease and particularly localized disease in 
the key areas mentioned above. Thus, if after win- 
dow surgery or radical operations of the maxillary 
sinus the preoperative complaints remain unchanged, 
anterior ethmoid disease is almost certainly present. 
Especially when headaches are the predominant 
symptom, further investigation of the ethmoid area 
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of the lateral nasal wall should be carried out. Fig- 
ure 2] illustrates the CT findings typical of these 
conditions. Despite wide and patent nasoantral 
windows, patients still had symptoms due to their 
ethmoid disease. As a rule, these patients can be 
helped with minimal functional endoscopic surgery. 


The endoscopic surgical approach of the Messer- 
klinger technique has been described in detail in 
several publications.?5* Based on the exact diag- 
nosis by endoscopy and tomography, functional en- 
doscopic sinus surgery aims at the detection of the 
underlying causes of recurrent sinusitis in the dis- 
eased stenotic spaces of the lateral nasal wall. By 
endoscopically eliminating diseased mucosa from 
these spaces, clearing the stenoses, enlarging the 
natural maxillary sinus ostium in its physiologic 
place in the middle meatus, clearing the frontal re- 
cess, or all of these, almost all kinds of sinusitis can 
be treated with minor surgical procedures using lo- 
cal anesthesia. The larger sinuses, with the excep- 
tion of symptomatic cysts or solitary, dependent 
polyps, seldom are touched. Even massive mucosal 
disease in the large sinuses, which we once thought 
to be irreversible, usually heals within 4 to 6 weeks 
of this kind of surgical intervention.?' ?*?5 There is 
no standard er routine "-ectomy" with this tech- 
nique. It is a completely individualized operation 


Fig 21. A) Condition after Caldwell-Luc proce- 
dure. Patent window in left inferior meatus 
(white arrows), massive disease of ethmoid, es- 
pecially infundibulum on both sides. Black ar- 
rows — bone defect after Caldwell-Luc proce- 
dure. B,C) Meatus following repeated "radical" 
operations. B) Left inferior meatus. Shallow fos- 
sa (arrows) is all that remained of maxillary si- 
nus; patient's symptoms remained unchanged, 
however. ci — concha inferior. C) Middle mea- 
tus demonstrates remaining massive ethmoid 
disease. cm — concha media, pu — uncinate 
process. 


according to the patient's needs. The middle turbi- 
nate is not sacrificed. The aim is to create conditions 
as natural as possible with as little trauma as possi- 
ble and allow drainage and ventilation to be rees- 
tablished via their physiologic routes. Usually there 
is no need for any postoperative packing (Fig 22).*”° 


Some of the many advantages of the rigid cold 
light endoscope versus the microscope are the opti- 
cal brilliance and the clear field of view, the easy 
handling, the ability to “look around corners" with 
deflecting angles, the excellent “depth-of-field” feel- 
ing one gets by moving through the nasal spaces, and 
the ability to work with minimal trauma using local 
anesthesia and with little bleeding. The main ad- 
vantage, of course, is the possibility of establishing 
an exact diagnosis even in cases of "hidden" disease. 


In the hands of the experienced surgeon the com- 
plication rate of this technique is minimal. In a series 
of over 4,000 patients we had two cases of cerebro- 
spinal fluid rhinorrhea, no intracranial complica- 
tions such as meningitis, and no ophthalmologic 
complications such as blindness or diplopia.?? 


The most impressive results usually are seen in 
patients whose predominant symptom has been 
headache and in whom underlying causes such as 
the ones mentioned had been identified. Within a 
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Fig 22. Findings after functional endoscopic sinus surgery. Ethmoid is clear, mucosa has normalized, 
and middle turbinate is in its physiologic position. A) Endoscopic view and B) CT. 


few hours of the endoscopic procedure the pain 
usually is gone, providing an often dramatic relief 
despite the fact that reactive swelling, congestion, 
and mucorrhea may linger on for several days or 
even weeks after the procedure. For endoscopic sur- 
geons it is therefore one of the most challenging yet 
rewarding tasks to identify and treat causes that un- 
derlie allegedly non-sinus-related headaches. 


DISCUSSION 


Since patients with sinugenic headaches may not 
present necessarily with a typical sinusitis history, 
we should investigate for underlying causes with 
nasal and sinal causation in mind. Negative findings 
with anterior and posterior rhinoscopy, examina- 
tion with the operating microscope, and conven- 
tional radiographs do not rule out a sinus causation. 
Diagnostic endoscopy with rigid endoscopes in 
many cases allows detection of lesions hidden from 
the unaided eye or even the microscope, but endos- 
copy sometimes will miss disease in particular loca- 
tions even if repeatedly carried out at various inter- 
vals. Only the combination of diagnostic endoscopy 
with CT will provide the maximum information, 
one modality enhancing the accuracy of the other. 


As significant symptoms sometimes can be caused 
by relatively small lesions, our attention in examin- 
ing imaging studies should not be focused exclusive- 
ly on "opacifications" and/or "soft tissue masses" in 
the sinuses or the lateral nasal wall, but on identifi- 
cation of areas of possible stenoses and mucosal con- 
tact areas, like the frequent finding of a middle 
meatus completely "packed" by an extensively 
pneumatized ethmoid bulla (Fig 9A,B). This find- 
ing alone was frequently the explanation for severe 
headaches and a feeling of nasal obstruction. 


The rhinologist should view the CTs jointly with 
the radiologist and explain what kind of changes 
and abnormalities are being searched for clinically. 
Detailed descriptions of the CT techniques with the 


clinical data required for optimum radiologic inter- 
pretation have been given by Zinreich et al," Kopp 
et al,” and others." * Computed tomography should 
be done in the direct coronal plane. This allows for 
the best interpretation of the narrow compartments 
of the lateral nasal wall, the key areas of which (like 
the ethmoid infundibulum and the frontal recess) 
extend into the frontal plane. In this way they will 
present themselves to the surgeon during the en- 
doscopic approach. Furthermore, surgical pitfalls 
such as an abnormally low height of the ethmoid 
roof can be evaluated best in this way. To achieve 
clear information about the delicate bony and 
mucosal structures of the lateral nasal wall, correct 
windowing and centering are essential. Bone CT 
modes for sinus bony margins should be appropriate 
to the thin sinus walls, and soft tissue modes should 
be appropriate for showing those particular tissues 
in good profile. The relative values of these modes 
may vary according to the equipment (GE, Sie- 
mens, Picker, etc). Contrary to some radiologists’ 
beliefs, artifacts in direct coronal views resulting 
from metallic dental restorations do not interfere 
with the critical examination of the sinuses. 


When one of these possible causes of symptoms 
mentioned above, or combinations of these, have 
been identified and medical therapy has failed, en- 
doscopic surgery is indicated. If doubts about the 
indication exist, in some cases it may help to anes- 
thetize the area of the suspected lesion (with co- 
caine, pontocaine, etc) in the office in the same way 
as in the operating room with cotton-tipped probes. 
If the patient then is free of headaches or of the 
particular symptoms for the duration of the anes- 
thetic, this may help the surgeon to make a decision 
regarding an operation in doubtful cases.*:?°?5-78 


CAUSES OF PAIN IN AREAS OF 
MUCOSAL IRRITATION 


No one would question the cause of pain in acute 
purulent sinusitis. We understand that infections of 
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the frontal, maxillary, and sphenoid sinuses can be 
accompanied by considerable pain, especially when 
their ostia are blocked and retention of secretion oc- 
curs, often giving rise to a pounding pain. Divers es- 
pecially know that a negative pressure due to mal- 
ventilatien in the larger sinuses can be very painful, 
the barotrauma frequently resulting in bleeding in- 
to the affected sinuses (Fig 23). Studies have demon- 
strated that hypoxia in the sinuses is one of the fac- 
tors that can give a sensation of pain.” 


But what is it that makes a relatively limited mu- 
cosal lesion, or area of contact, trigger severe, long- 
standing headaches, often projecting to different 
dermatomes of the head? Greenfield? in 1986 ex- 
plained the mechanisms of referred pain in the 
nose/sinus area. He reviewed the work of Wolff and 
Dalessio.*" who in an experimental study on human 
volunteers stimulated various portions of the nasal 
mucosa and specific sinus ostia with noxious sub- 
stances. The resulting pain was not always felt lo- 
cally in the area of the lesion, but often “was re- 
ferred tc the peripheral segmental dermatomes of 
the ophtaalmic and maxillary divisions of the fifth 
nerve." Greenfield pointed out the mechanism of 
pain referral as follows: afferent fibers from pain 
and other receptors in the nasal and sinus mucosa 
end up in the same “pool” of sensory neurons in the 
sensory nucleus of the trigeminal nerve as fibers 
serving cutaneous receptors. These two common 
pathways discharge along the same final neurons to 
a commen cortical area. “The cortical center can- 
not distinguish the original peripheral source of the 
impulses reaching it by this single final pathway; 
therefore, when the mucosa is stim ulated, the affer- 
ent pain impulses are falsely localized after reach- 
ing the sensory cortex. They are misinterpreted on 
the basis of previous experience as coming from the 
skin area from which impulses normally arrive at 
that point in the brain."??? Once having identified 
the corresponding bundles of nerve fibers, one can 
understand why lesions of the inferior turbinate 
may project their pain to the upper teeth or the 
zygoma and below the eye, and why lesions of the 
middle turbinate may project to the temple, the 
zygoma, the inner canthus and/or the forehead, etc. 
Knowing these findings is a helpful diagnostic tool 
in localizing an intranasal lesion. 


Combining Wolffs and Dalessio’s experience 
with his own, Greenfield summarizes, “Mucosal 
areas at the site of an impaction are probably as- 
sociated with changes in the microvascular supply, 
resulting in reflex engorgement of the tissues. Theo- 
retically such areas of local tissue injury and in- 
flammation may contain an increase in the concen- 
tration ef vasoactive amines — potent biological 
substances associated with the induction of pain or 
the lowering of the pain threshold.” 


Recent advances in biochemistry and some of our 
own studies show how close this theoretic consider- 





Fig 23. Maxillary sinus mucosa with edema and petechial 
hemorrhage due to barotrauma. 


ation is to at least one of the more important factors 
involved in this phenomenon: the neuropeptides. As 
is well known, the sensory supply of the nasal and 
paranasal sinus mucosa derives from the maxillary 
and ophthalmic division of the trigeminal nerve, 
supplying the respiratory mucosa with a dense net- 
work of adrenergic and cholinergic fibers. Most of 
them reach the vessels and glands after passing 
through the pterygopalatine ganglion and thus con- 
trol blood circulation and glandular secretion. Re- 
cent pharmacologic studies?*?* have revealed that 
there is at least a third group of mediator substances 
besides the neurotransmitters noradrenalin and ace- 
tylcholine. These have been identified as the neuro- 
peptides, the most important one for mucosal func- 
tion apparently being substance P (SP). More than 
90 different types of peptides have been found so far 
in the central and peripheral nervous system; in the 
human respiratory tract, the vasoactive intestinal 
polypeptides, the gastrin-releasing peptide, the 
peptide histidine isoleucine, and SP have been iden- 
tified. 


Our own investigations concentrate on SP, which 
was discovered as early as 1931. The analysis of the 
chemical structure was not achieved before the ear- 
ly 1970s, however.?*?? Substance P is an undecapep- 
tide (amino acid sequence: H-Arg-Pro-Lys-Pro-Gln- 
Gln-Phe-Phe-Gly-Leu-Met-NH2) with а strong 
vasodilatatory effect, among others. It is one of the 
mediators of sensory and vagal afferent neurons, 
which are known to be unmyelinated C fibers. 
Tachykinin-containing nerve fibers can be found in 
the submucosa and in the respiratory epithelium, 
around blood vessels and glands, and within trache- 
obronchial smooth muscle.?5?* Other recent reports 
suggest further that tachykinins such as calcitonin 
gene-related peptide (CGRP) and neurokinin A co- 
exist with SP in the C fibers of the respiratory sys- 
tem. They are liberated simultaneously by one ac- 
tion potential, enhancing the pharmacologic effects 
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Fig 24. Schematic drawing of axon reflex, demonstrating 
local effects of antidromic impulse in nasal mucosa. 


of SP: vasodilatation, plasma extravasation (“neu- 
rogenic edema"), hypersecretion, and smooth mus- 
cle contraction. The edema possibly is enhanced by 
a simultaneous histamine release from mast cells, ap- 
parently triggered by the SP liberation as well.?5?? 


When examining human nasal mucosa by radio- 
immunoassay techniques, we were able to prove the 
presence of SP and CGRP. In 23 samples from nor- 
mal mucosa we found SP in 17 cases in an average 
concentration of 2.0 ng/g of mucosa. In the six other 
samples the amount of SP was too small to be quan- 
tified. In five of nine samples from chronically in- 
flamed and hyperplastic mucosa we found very 
small amounts of SP (0.75 ng/g mucosa). In nasal 
polyps, as expected, no SP could be found. The rea- 
son for this is that there are very few nerve fibers in 
hyperplastic mucosa and almost none in nasal 
polyps.?*?* In a trial with volunteers, 0.5 mL of SP 
in a concentration of 750 „mol/L was applied local- 
ly to the nasal cavity. This led to a significant and 
reversible increase of nasal resistance, documented 
by anterior rhinomanometry.?* Endoscopy demon- 
strated considerable mucosal swelling and hypere- 
mia. We believe these effects were due to vasodila- 
tation and plasma extravasation. As side effects 
there were a mild hypersecretion, an intense gener- 
alized erythema, and a drop in blood pressure, indi- 
cating a systemic resorption of SP. 


PAIN MEDIATION 


Substance P vesicles are transported not only to- 
ward the CNS but toward the peripheral synapses 


as well; thus SP can be liberated at the central and 
the peripheral ends of a sensory neuron. Hence, SP 
may mediate not only central reflexes in afferent C 
fibers (orthodromic impulse), but local reflexes as 
well (antidromic impulse), leading to a liberation of 
SP in the nasal mucosa 2: This mechanism is called 
the axon reflex (Fig 24). Among the different recep- 
tors in the nasal mucosa served by afferent peptider- 
gic C fibers are polymodal nociceptors, mediating 
pain. The peripheral stimuli may possibly be nox- 
ious (as in the experiment of Wolff and Dalessio*?), 
infectious, chemical, or caloric irritants or simply 
mechanical ones like pressure. The stimulation of 
these polymodal receptors leads to an orthodromic 
impulse via the C fibers to the CNS, mediating 
pain. At the same time an antidromic impulse may 
lead to a local release of SP at the synapses at ves- 
sels, glands, and smooth muscle cells causing vaso- 
dilatation, extravasation of plasma, hypersecretion, 
and smooth muscle contraction in nasal mucosa. 
This model of an SP-mediated axon reflex, with an 
orthodromic impulse to the CNS signaling pain and 
an antidromic impulse causing local reactions like 
neurogenic edema, could well explain why areas of 
mucosal contact and pressure, be it from a septal 
spur or a diseased stenotic ethmoid recess, can cause 
pain, mucosal edema, and hypersecretion and 
sometimes enhance pulmonary (asthmatic) symp- 
toms by smooth muscle contraction. The model 
may help us to an explanation of why chemical irri- 
tants like cigarette smoke or changes in ambient 
temperature can cause mucosal swelling, hyperse- 
cretion, and headache in "hyperreactive rhinopa- 
thy" (vasomotor rhinitis),?? and why polyps so fre- 
quently start from areas of mucosal contact (Fig 5). 


Capsaicin (trans-8-methyl-N-vanillyl-6-nonena- 
mide), the pungent extract of red pepper, after re- 
peated topical or systemic application in animal ex- 
periments leads*’** to a selective killing of the affer- 
ent C fibers and a desensitization of the polymodal 
neuropeptidergic nociceptors. Substance P normal- 
ly is released at the synapses of C fibers or the effec- 
tor organs such as vessels and glands, where it in- 
duces a change of potential at the postsynaptic 
membrane and thus a stimulation of the effector 
cells. With the first application of capsaicin, topic- 
ally or systemically, there is induced a release of SP; 
further applications then cause a desensitization of 
the pain receptors and a selective killing of the af- 
ferent C fibers.*'-** To study this effect in humans, 
we began a program of application of capsaicin to 
volunteers who for many years suffered from hyper- 
reactive rhinopathy resistant to other therapy. Cap- 
saicin was administered five times at weekly inter- 
vals strictly locally after topical anesthesia. The re- 
sults so far are very promising: nine of 12 patients 
who have now finished the trial are completely free 
of symptoms, and three have experienced consider- 
able relief especially from headaches from which 
they suffered during vasomotor attacks. Patients in 
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our present group however, do not include those 
with anatomic variations or “hidden” diseases of the 
ethmoid reeesses. This study has just been started, 
and the numbers are too small and follow-up is too 
short to allew any conclusions. So far four patients 
have been symptom free for just over 12 months. 
The study does, however, shed some light on what 
could be a very promising therapy for this condition 
if capsaicir can be administered topically without 
deleterious effects. 


CONCLUSIONS 


Headaches can be of sinus origin, even if this is 
not suspected from the case history. Nasal endosco- 
py in combination with polytomography/CT will 
usually reveal the causes hidden from the unaided 
eye, the operating microscope, and plain radio- 
graphs of tae sinuses. Many anatomic variations of 
the middle nasal meatus and other regions of the 
lateral nasal wall predispose patients to headaches 
by narrowng even more the already narrow eth- 
moid recesses. They may give rise to areas of more 
or less intense contact of opposing mucosal surfaces, 
impeding er completely blocking ventilation and 
drainage o: the larger sinuses. As secretion between 
the contacting surfaces cannot be transported 
away, foci of reinfection of the ethmoid system, and 
especially the larger sinuses, may persist. 


After identification of these underlying processes, 
functional endoscopic surgery with usually minimal 
procedures can often provide dramatic relief of 
symptoms that may continue for months or years. 


Recent esearch has identified a third system of 
mediators besides the neurotransmitters noradrena- 
lin and acetylcholine: the neuropeptides. Substance 
P is one of the mediators controlling pain perception 
from polymodal receptors in the nasal mucosa via 
unmyelinated C fibers to the cortex. Together with 
this orthodromic impulse an antidromic impulse 
can start, releasing SP to local effector cells in the 
mucosa, causing a “neurogenic edema" with plasma 
extravasation, vasodilatation, and hypersecretion. 
This mechanism of simultaneous orthodromic and 
antidromic impulses is called the axon reflex. 


The release of SP from the polymodal receptors 
can be triggered by various stimuli such as chemical, 
infectious, and thermal irritants, but also by sheer 
mechanical pressure. The pressure exerted on nasal 
mucosa in areas of contacting opposing mucosal 
surfaces, whether through inflammation, polyps, or 
mucosal swelling due to other reasons, especially in 
the narrow spaces of the key areas of the ethmoid 
where anatomic variations can cause additional ste- 
noses predisposing to mucosal contact, can appar- 
ently be enough to trigger an SP-mediated pain sen- 
sitization via afferent C fibers. The axon reflex can 
explain why an initially relatively small localized 
lesion may lead in a vicious cycle to massive symp- 
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Fig 25. Schematic drawing of interactions of substance 
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toms. The model of “referred pain" makes it clear 
why the pain may not necessarily be felt at its origin 
but may be projected to corresponding dermatomes. 


The mediating function of SP can be blocked se- 
lectively by local administration of capsaicin, which 
desensitizes the receptors and kills the afferent C fi- 
bers without affecting other sensory structures. We 
have tried to point out these complex interactions in 
a simplified schematic drawing in Fig 25. In pa- 
tients with vasomotor rhinitis we were able to block 
all the symptoms, including their headaches, by 
topical administration of capsaicin. 


Knowledge of these possible mechanisms appears 
to be useful in patients with cephalgia. Identifica- 
tion of intranasal and sinal lesions and contact areas 
should be carried out and surgical reduction per- 
formed if medical treatment fails. The functional 
endoscopic approach with minimal trauma has 
given us our best results. 


For the future, application of capsaicin derivates 
may offer an additional alternative for individual 
cases, although the primary aim of therapy should 
always be elimination of the underlying cause 
rather than simply amelioration of symptoms. 
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Deposition of bcne within the fluid spaces of the cochlea is encountered commonly in cochlear implant candidates and previously has 
been considered a relative contraindication to the use of multichannel intracochlear electrodes. This contraindication has been based on 
possible mechanical difficulty with electrode insertion as well as uncertainty about the potential benefit of the multichannel device in the 
patient. Fifteen profoundly deaf patients with partial ossification of the basal turn of the cochlea received implants with long intracochlear 
electrodes (11, Nucleus; 1, University of California at San Francisco/Storz; and 3, Symbion/Inneraid). In 11 cases, ossification had been 
predicted preaperatively by computed tomographic scan. Electrodes were completely inserted in 14 patients, and partial insertion was ac- 
complished in one patient. All patients currently are using their devices and nine of 12 postlingually deaf patients have achieved some 
degree of open-set speech discrimination. This series demonstrates that in experienced hands, insertion of long multichannel electrodes into 
partially ossified cochleas is possible and that results are similar to those achieved in patients who have nonossified cochleas. 


KEY WORDS — cochlea, multichannel cochlear implant, labyrinthitis ossificans. 


New bone formation may occur within the scala 
tympani оѓ the basal turn of the cochlea as a result 
of meningitis, otosclerosis, autoimmune diseases, and 
other causes (Figs 1 and 2). Such osteoneogenesis is 
encountered at times in candidates for cochlear im- 
plantation. Radiographic evidence of ossification of 
the scala tympani previously has been considered a 
relative contraindication for placement of multi- 
channel cochlear implant electrodes. '*-* Further, sur- 
geons have been cautioned that a single-channel 
cochlear implant should be available as a backup in 
case osteoneogenesis is encountered unexpectedly in 
the operating room. This practice has led to in- 
creased cost by causing implant centers to invest in 
programming equipment for single-channel devices 
to be used as backups. One multichannel implant 
manufacturer aas developed a separate single-chan- 
nel device designed for such backup. 


Recent studies of single-channel and multichan- 
nel cochlear implant systems generally indicate that 
multichannel systems may be more effective than 
single-channel in postlingually deaf adults.'*''^ 
Thus, in most cases, multichannel devices have be- 
come the preferred implants. 


Nonetheless, the use of multichannel devices in 
patients with partially ossified cochleas was consid- 
ered contraindicated for two reasons. First, it was 
considered difficult or impossible to achieve safe 
electrode insertion in the face of bony obstruction. 


Either the electrode or the inner ear structures 
could be damaged. Second, the capacity to stimu- 
late effectively surviving neural elements by multi- 
channel format was questioned for patients with 
partially ossified cochleas. Certainly, disease pro- 
cesses can cause distortion of intracochlear anatomy 
as well as obstruction of the cochlea, ranging from 
fibrosis to nearly complete dense bony obliteration. 
In the case of obstruction it has been widely dis- 
cussed that a short (4 to 6 mm) tunnel might be 
drilled into the scala tympani for placement o: a 
single electrode. 


Eisenberg et al’ reported 25 children deafened by 
meningitis who received single-channel cochlear 
implants. Twenty of them had some degree of ossifi- 
cation at the round window or scala tympani that 
required drilling for electrode insertion. In six of 
these patients, bone completely filled the cochlea. 
Postoperatively, all but one of the patients with ex- 
tensive ossification could be stimulated electrically. 
The meningitis group with either no or partial ossi- 
fication (0 to 4 mm of drilling) demonstrated elec- 
trical thresholds comparable to those of a congeni- 
tally deaf control group, but did require higher 
voltage settings to obtain similar auditory sound 
field thresholds. Eisenberg et al speculate that this 
finding may be indicative of a difference in surviv- 
ing neural elements. Those patients with extensive 
ossification (5 to 6 mm of drilling to insert a 6-mm 
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electrode) had electrical thresholds and clipping 
levels significantly higher than either of the other 


two groups. 


We review here the experience at three active im- 
plant centers with the use of multichannel, intra- 
cochlear electrodes in patients with osteoneogenesis 
of the cochlea. Gantz et al' previously reported 
good functional results with the use of long multi- 
channel electrodes in one of two patients with total- 
ly ossified cochleas. That technique required exten- 
sive circum-modiolar bony dissection. Here we re- 
port patients with partial obstruction of the cochlea 
in whom multichannel electrodes were placed by 
the more commonly used route of the scala tympani 
after removal of the bony obstruction. 


METHODS 


One hundred five patients underwent cochlear 


j 


w EF 1 H ( ia 
AR „* 4 ж osa y 
Ка T Р Se " 
ЫЎ r^ — ws A Ne 
Nos с>” їз i? Pri D i 
С - >> ae y 4 
MU Р $ ү ^ 
" ee an GA a $4. e ^ y 
n za РА" : ^ 
) ub р" 2 N : 
P + a ЮЕ т, dy y r> 
T i 1 Е E 5 Am 


L "up "ie 


N 
- ^ " 
Ж. 


Fig 1. Histologic sections of left temporal 
bone from 84-year-old man with pro- 
found sensorineural hearing loss since age 
of 2 months believed to result from 
bacterial meningitis (H & E, original 
x25). Opposite temporal bone demon- 
strated complete replacement of mem- 
branous labyrinth with new bone. A) On 
left side, new bone is present both in scala 
tympani (ST) and scala vestibuli (SV), 
particularly in basal turn. B) Section 
through round window area, demon- 
strating new bone (NB) within mem- 
branous space of basal turn (H & E, origi- 
nal x21.7). 


implantation between January 1984 and January 
1988 in this combined series. Fifteen (14%) were 
noted at surgery to have cochlear osteoneogenesis. 
Eleven of these 15 patients were male and four were 
female. Ages at the time of surgery ranged from 3 
years 9 months to 56 years (Table 1). Seven of the 
patients were deafened by meningitis, three were 
deafened by autoimmune diseases, two were con- 
genitally deaf, and one each was deafened by oto- 
toxicity, Meniere's disease, and otosclerosis. Twelve 
were postlingually and three were prelingually 
deaf. These latter three are children. 


Each patient underwent a complete evaluation 
for selection as an implant candidate, including au- 
diometric testing with hearing aids and preopera- 
tive computed tomographic scanning. Eleven re- 
ceived the Nucleus multichannel cochlear implant 
(22 electrodes), three received the Symbion/In- 
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Fig 2. Histolczic section of left 
temporal Бопе from 70-year-old 
woman with c»afness of unknown 
cause from pe-inatal period (H & 
E, original 27.5). This section 
from hook pertion of basal turn 
demonstrates aew bone (NB), par- 
ticularly in scala tympani just 
within round window membrane 
(RW). (Phot» courtesy of Tem- 
poral Bone 3ank, Massachusetts 
Eye and Ear Infirmary.) 
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neraid device (four electrodes), and one received 
the Uni-ersity of California at San Francisco 
(UCSF)/5torz implant (eight electrodes). 


PROCEDURES 


Surgieal Technique. The surgical technique for 
implantation of the three devices used in this study 
has beer. described.'' In each case, а large extended 
postaur:ular incision was created and a skin-sub- 
cutanecus tissue flap was elevated to provide access 
to the squamous and mastoid portions of the tem- 
poral bone. The receiver-stimulator or percutane- 
ous cot pling pedestal was affixed to the squamous 
portior of the temporal bone. The electrode cable 
was pessed through the facial recess into the scala 
tympani of the cochlea. The electrode was placed 
through the round window, through an extension of 
the roand window, or through an anterior/inferior 
cochleostomy. Bony obstruction was removed by 
drilling or picking the tissue away. The amount of 
bone encountered was estimated in millimeters. 


Audiometric Testing. Approximately 4 to 6 weeks 
postooeratively the external processor was pro- 
gramrned and use begun. Audiometric testing was 
condacted in single-walled sound booths (Industrial 
Acoustics Corp) at various intervals postimplanta- 
tion. АП equipment was calibrated to ANSI 1969 
standards.'? To ensure the accuracy of presentation 
Іеуе5, a sound level meter was suspended approxi- 
mately 30 cm above the patient's head for the du- 
ratien of the free field testing and was monitored 
con-inuously. 


Fatients were tested for threshold by use of the 
“mest comfortable” device setting. Free field audio- 
grans were completed by use of 5% warbled pure 
tones for 25 Hz through 6 kHz. One child was also 





tested for open-set discrimination and one was 
tested for closed-set discrimination by use of picture 
cards in sets of four. For the adult patients, speech 
recognition testing was performed by use of the 
Cochlear Corporation/University of Iowa revised 
cochlear implant test battery"? presented at 72 to 73 
dB SPL (56 to 57 dB hearing level [HL]) as a single 
presentation of unfamiliar recorded material. 


This study is designed to demonstrate that multi- 
channel implants can be inserted into cochleas from 
which bone is removed and that they can function. 
No attempt is made to compare efficacy of the three 
devices used here. The four-choice Spondee and 
CID or Iowa sentence test results? are reported in 
order to demonstrate the presence of closed-set or 
open-set speech discrimination. 


TABLE 1. CHARACTERISTICS OF 15 SUBJECTS WITH 
PARTIALLY OSSIFIED COCHLEAS WHO RECEIVED 
MULTICHANNEL COCHLEAR IMPLANTS 


Age at Age at Implant 
Pt Cause of Deafness — Onset* Implant Tupe 
1 Ototoxicity 45 54 Nucleus 
2 Meningitis 21 27 Nucleus 
3 Meningitis 17 49 Nucleus 
4 Сорап” syndrome 27 28 UCSF'/Storz 
9 Congenital P 40 Nucleus 
6  Behçet’s syndrome 39 43 Nucleus 
7 Meniere’s syndrome 24 30 Nucleus 
8 Meningitis P 41 Symbion 
9  Cogan’s syndrome ? 29 Symbion 
10 Meningitis P 56 Symbion 
11 Meningitis P 30 Nucleus 
12  Otosclerosis ? 35 Nucleus 
13 Meningitis lld 15 Nucleus 
14 Congenital Birth 7 Nucleus 
15 | Meningitis 3 3yr9mo Nucleus 


"Age at time of profound hearing loss. 


6 Balkany et ai, Multichannel Implants in Ossified Cochleas 


TABLE 2. COMPUTED TOMOGRAPHIC FINDINGS, SURGICAL FINDINGS, AND AUDIOLOGIC RESULTS FOR 15 SUBJECTS 
WITH PARTIALLY OSSIFIED COCHLEAS WHO RECEIVED MULTICHANNEL COCHLEAR IMPLANTS 


Growth 

Bone Sc Tym Bone 

Pt CT RWM (mm) H/S 
1 М Ү 0 H 
2 А М 1 S 
3 А T 2 S 
4 A Y 8 H 
5 N Y 1 H 
6 A N 201 H 
7 А М 3 S 
8 N Y 2 H 
9 А Ү 1 H 
10 N Y 6 H 

11 A 1 2 H/S 
12 А М 3 H 
138 А М 2 5 
14$ А М 3 S 

15$ А Y 5 H/S 


Elec Aud CID or 
Ins Thr 4-Choice Iowa 
(mm) (dB)* Spondee Sentences 
25 50 20/20 55/100 
25 42 18/20 63/100 
25 50 10/20 0/100 
26 56 18/20 67/100 
25 45 20/20 91/100 
9 DNT DNT 0/100 
25 42 18/20 67/100 
23 DNT 12/20 2/100 
25 DNT 20/20 98/100 
20 DNT 10/20 DNT 
24 DNT DNT 30/100 (Iowa) 
24 DNT DNT 35/100 (Iowa) 
25 47 DNT 0/100 
25 45 DNT DNT 
25 45 19/20 DNT 
(cards) 


RWM — round window membrane, Sc Tym — scala tympani, H — hard, S — soft, Elec Ins — electrode insertion, Aud Thr — auditory threshold, 
CID — Central Institute for the Deaf, N — normal, A— abnormal, DNT — did not test. 


* Average for the speech frequencies, dB HL. 
f Estimated from CT. 
§Child/prelingually deaf. 


RESULTS 


Electrode Insertion. Computed tomographic find- 
ings, amount of bone growth, and length of electrode 
insertion are reported in Table 2. Bony obliteration 
of the round window niche was found in nine pa- 
tients. Bony obstruction of the inferior segment of 
the basal turn of the cochlea extended 1 to 8 mm. 
Subjectively, bone within the cochlea was found to 
be "hard" in eight cases, "soft" in five cases, and 
combined “hard” and "soft" in two cases. 


The most common cause of osteoneogenesis is men- 
ingitis. Extensive ossification also was found in three 
cases of autoimmune deafness, two from Cogan's 
syndrome, and the other from Behcet’s syndrome. 


Of the 15 patients, 14 received the entire cochlear 
implant electrode array. In the one cochlea in which 
total insertion could not be accomplished, the elec- 
trode was passed 9 mm. Bony obstruction of the as- 
cending segment of the basal turn of the cochlea 
prevented further insertion. 


Preoperative high resolution CT (HRCT) demon- 
strated abnormal bone formation within the round 
window niche or the cochlea in 11 of 15 patients 
(73%). In no case was extensive ossification involv- 
ing the entire inferior segment or the ascending seg- 
ment encountered unexpectedly. 


Auditory Function. Audiologic results are also 
presented in Table 2. АП patients were able to ob- 
tain an acceptable average threshold of the speech 
frequencies. Of the 12 postlingually deaf adult pa- 
tients, 11 (91%) demonstrated evidence of closed- 
set speech discrimination and nine (75%) demon- 
strated evidence of open-set speech discrimination. 


Closed-set performance ranged from ten to 20 of 20 
words on the four-choice Spondee test. Open-set 
performance ranged from 0% to 98% correct on 
CID or Iowa sentences. 


DISCUSSION 


Abnormal bone formation within the scala tym- 
pani of the cochlea was found in 14% of our multi- 
channel cochlear implant patients. A higher pro- 
portion can be expected in the pediatric population. 
We found new bone growth in three of our eight 
children with implants. Luxford and House” iden- 
tified ossification in 34% of their first 128 children 
with implants. Of these, bone formation was pre- 
dicted by polytomography in approximately two 
thirds of the cases. Bone formation was predicted by 
CT in the current study in 73% of cases in which it 
occurred. 


Considering the evidence, it is obvious that mul- 
tichannel cochlear implants may provide better re- 
sults than single-channel implants. If partial osteo- 
neogenesis of the cochlea is considered a contrain- 
dication to multichannel implantation, up to one 
third of candidates might not be able to receive a 
multichannel device. We find this exclusion rate 
unacceptable. 


The study demonstrates that when only the infe- 
rior segment of the basal turn of the cochlea is in- 
volved with osteoneogenesis, insertion of long mul- 
tichannel electrodes can be accomplished routinely. 


Insertion lengths for all 14 patients with ossifica- 
tion limited to the inferior segment of the cochlea 
were near maximum (25 mm for Symbion, 25 mm 
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for Nucleus, 26 mm for UCSF/Storz). Following re- 
moval of bony cbstruction and insertion of long 
multichannel electrodes, cochlear implant function 
of considerable benefit, including open-set auditory 
discrimination, is possible. Eleven of our 12 (91%) 
postlingually dea? adult patients developed measur- 
able closed-set speech discrimination, and nine of 
12 (75%) developed open-set speech discrimina- 
tion. These results are similar to other multichannel 
cochlear implant results.* We suggest, therefore, 
that the previous contraindication of partial osteo- 
neogenesis of the cochlea for long electrode inser- 
tion be abandoned. 


Imaging of the cochlea is effective in identifying 
most patients in whom partial obstruction of the in- 
ferior segment will be found at surgery (73% in this 
study, 66% in Laxford and House'^). Bony obstruc- 
tion of the entire cochlea or of the ascending seg- 
ment, either of which would preclude this surgical 
technique, is apparently less common than ossifica- 
tion limited to the inferior segment and occurred in 
only three of 105 cases in this series. Each of these 
three cases was identified by preoperative HRCT. 


The cochlear implant surgeon must be prepared 
to remove partial bony obstruction in the inferior 
segment to implant a long electrode array. In those 
cases in which ossification extends beyond the in- 
ferior segment of the cochlea, HRCT is more accu- 
rate, and long electrode insertion should be consid- 
ered very carefully prior to proceeding. Although it 
has been reported that insertion of eight to ten elec- 
trodes of the Nucleus device adequately provides 
some degree of open-set speech discrimination," our 
patient having this procedure did not achieve these 
results. 


CONCLUSIONS 


This study demonstrated that insertion of long 
multichannel cochlear implant electrodes in par- 
tially ossified cochleas is feasible. When osteoneo- 
genesis is limited to the inferior segment of the basal 
turn of the cochlea, good cochlear implant function 
can be achieved. Thus, partial ossification of the 
cochlea should be abandoned as a contraindication 
to long electrode insertion. 
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MEDICAL OR SURGICAL COMPLICATIONS RELATED TO 
THE NUCLEUS MULTICHANNEL COCHLEAR IMPLANT 


NOEL L. COHEN, MD 
RONALD А. HOFFMAN, MD MARIEL STROSCHEIN, MD 


NEW ҮОВК, NEW YORK 


A questionnaire was sent to 152 surgeons to survey complications associated with the implantation of the Nucleus multichannel 
cochlear implant. Complications were categorized as life-threatening; major, if they necessitated revision surgery; or minor, if they resolved 
spontaneously or with minimal treatment. A total of 55 complications occurred in 459 reported operations for an overall complication rate 
of 11.8%. There were no deaths, but there was one life-threatening complication, a case of meningitis. There were 23 (4.8%) major com- 
plications, most of which involved flap design or electrode insertion (and included the case of meningitis). There were 32 (7% ) minor com- 
plications. Most of the complications might have been avoided by proper training, planning of the operations, and careful attention to 
detail. We recommend that all prospective implant surgeons attend a device-specific training course and practice in the temporal bone 
laboratory. 


KEY WORDS — multichannel cochlear implant. 


INTRODUCTION All surgery carries inherent risk, ranging from the 

Cochlear implantation has emerged as an estab- general to the specific. It is important to establish 
lished method of auditory rehabilitation for the pro- that for a given procedure the predicted benefits 
foundly hearing impaired. Presently, implantation significantly outweigh the potential complications. 
of the Nucleus multichannel device is occurring in Such statistics are not readily available for the Nu- 
over 100 implant centers in the United States alone, cleus multichannel cochlear implant. This may re- 
and it is reasonable to assume that as electrode and flect, in part, the fact that the Nucleus implant di 
receiver-stimulator technology and speech-encod- ceived premarketing approval in 1985, is available 
ing strategies improve, this number will increase. on the open market, and thus now can be used by 
Despite the growth in popularity of cochlear im- any physician. Reporting of complications to the 
plantation, however, very little has been written re- manufacturer or the Food and Drug Administration 
garding risks and complications." is no longer mandatory. 

House,’ in reporting on “20 years of experience Just as surgical training in any given field varies 
with cochlear implants" in 1982, noted that the from individual to individual, so does specific train- 
complication rate was "remarkably low" for the ing for cochlear implants in general and for the Nu- 
House single-channel device. Specifically, he men- cleus device in particular. The Cochlear Corpora- 
tioned two cases of “failure of primary healing over tion offers frequent 2-day training courses for sur- 
the implanted coil" and one case of round window geons and audiologists, but does not require them as 
perilymph leak. Thielemeir* further reviewed a prerequisite for purchasing the implant. Many 
House’s results in 1985 and, analyzing 269 opera- surgeons take these courses in which they attend in- 
tions, reported no cases of facial paralysis, meningi- tensive series of lectures, drill temporal bones under 
tis, serious infection, or anesthetic complication. One supervision, and practice inserting the long multi- 
patient developed a CSF leak necessitating explan- channel electrode array. Other surgeons choose to 
tation of the device, and of four patients who exper- visit a colleague and observe cochlear implant sur- 
ienced flap necrosis, one had the device explanted. gery. Still others view surgical videotapes or feel 


competent to perform the surgery without any spe- 
cialized training because of their expertise and ex- 
perience. Some surgeons have access to a temporal 
bone laboratory and can practice the surgery on dry 
or wet temporal bones. 


Cohen et al? reviewed the technical aspects of 
cochlear implant surgery and speculated about pos- 
sible sources of complication in general. They did 
not, however, document actual statistics rezarding 
occurrence rates. Harris and Cueva? reported a case 


of postoperative flap necrosis that necessitated re- This variability of specific training, as well as the 
moval of an implanted multichannel prosthesis and lack of mandatory results reporting to the FDA, 
plastic reconstruction of the resulting defect. This prompted us to survey all surgeons using the Nucle- 
flap complication occurred because the danger us multichannel cochlear implant in order to learn 
from a preexisting postauricular incision scar was of the complications they had experienced. A ques- 
underestimated. tionnaire regarding risks and complications of Nu- 
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TABLE 1. ADULT PATIENT MEDICAL OR SURGICAL COMPLICATION REPORTING FORM 


Total cochlear implant experience at your center 

No. of implants 22-channel, standard 
Nucleus multichannel 
House 3M 
3M/Vienna intracochlear__. |. | .— UCSF 
3M/Vienna extracochlear 

Date of first implant 

Total No. of complications with Nucleus multichannel 


Complications 


Facial nerve weakness 
Compressed electrode array 
Improper electrode position, eg, hypotympanal 


Serious medical, rion intraoperative or Корка complications, 
i 


eg, myocardial infarction, pulmonary embolism, meningitis 
Scalp flap breakdown or infection 

Persistent nonauditory pain sensation 

Dizziness or vertigo related to implant use 

Perforation of tympanic membrane 


Other complications. Please explain in detail. 


Symbion 


22-channel, mini with magnet Single-channel 


Other (specify) 


No. of No. of 
Standard Mini No. in 
Devices Devices Series* Resolved? How? 














* When in your consecutive surgical series did this complication occur (eg, patient 5)? 


cleus multichannel cochlear implant surgery was 
sent to all surgeons presently implanting the Nucle- 
us 22-channel device. This paper reports the infor- 
mation derived from the responses. 


MATERIALS AND METHOD 


А questionnaire (Table 1) was designed and dis- 
tributed to all surgeons presently implanting the 
Nucleus 22-channel device. The questions specifi- 
cally asked about the standard implant and the cur- 
rently available mini device. The standard device 
has a circular receiver-stimulator package with a 
diameter of 34.5 mm and a thickness of 10.5 mm. 
The mini device has been available since October 
1986, is oval, and measures 24 x 46 mm but is only 6 
mm thick. 


The complications queried and tabulated were 
for only these two Nucleus multichannel implants. 
However, attention was given to the number of all 
types of devices implanted, including Nucleus, and 
to chronological order in the series in which a par- 
ticular complication occurred. These data were 
sought to differentiate between complications re- 
lated to experience (the "learning curve") and those 
due to the use of the standard implant versus the 
mini implant. 


А total of 152 questionnaires were distributed on 
the basis of a mailing list provided by the Cochlear 
Corporation of Englewood, Colo. Physicians or 
groups of physicians who did not respond were sent 
second letters or contacted by telephone to assure 
that our statistics were not biased by those not 
wishing to acknowledge that complications had oc- 


curred. Any ambiguous reports were clarified fur- 
ther by telephone. 


For purposes of tabulation and reporting, com- 
plications were divided into life-threatening, ma- 
jor, and minor. Life-threatening complications are 
self-explanatory and were represented by a single 
case of meningitis in this series. Major complica- 
tions are defined as those necessitating explantation 
of the device or surgical reexploration, or leading to 
any degree of permanent facial paralysis. Minor 
complications are those that resolved spontaneously 
or received only local care. 


RESULTS 


Of 152 questionnaires distributed, 107 were re- 
turned. Follow-up mail or telephone inquiries re- 
vealed that 31 questionnaires were duplicates, ie, 
surgeons reporting results together as a single in- 
stitution. Six surgeons were listed by the Cochlear 
Corporation but had not performed any implants. 
Overall, 108 of 115 surgeons responded (94%). A 
total of 459 Nucleus devices were implanted. Two 
hundred seventy-five (60%) were standard devices 
and 184 (40%) were mini devices. 


A total of 55 complications occurred for an overall 
rate of 11.8%. There were 22 (4.8%) major compli- 
cations, 32 (7%) minor complications, one life- 
threatening complication, and no deaths (Table 2). 
(Although we identified the occurrence of meningitis 
as life-threatening, for our discussion here it is con- 
sidered a major complication.) Forty (40/275 or 
14.5%) complications occurred with the standard 
device and 15 (15/184 or 8.2%) with the mini de- 
vice. 
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TABLE 2. TOTAL COMPLICATIONS 

Major 

Scalp breakdown, removal of implant 

Compressed electrode 

Incorrect electrode position 

Perilymph fistula 

Exposure of mastoid bowl electrode 

Severe seventh nerve stimulation, implant removed 

Meningitis" 
Total 23 
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Minor 

Local treatment of flap problem 

Seventh nerve weakness with recovery 

Minor seventh nerve stimulation, programmed out 

Minor change of taste 

Transient dizziness without diagnosis 

Tympanic membrane perforation with healing 
Total 32 


* Life-threatening; considered here as major complication. 
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The most common complication involved the skin 
flap. There were 22 cases of flap breakdown of 
various degrees and three cases of seroma. All sero- 
mas were managed with aspiration and or local 
drainage. Nine of the flap necroses were of suffi- 
cient degree to necessitate explantation oí the de- 
vice and were classified accordingly as major. Thir- 
teen of the flap problems were managed with local 
debridement and healing by primary or secondary 
intention. Seven of the flap problems deemed to be 
major were with use of the standard device-and two 
with use of the mini device. 


There were eight cases of delayed facial weak- 
ness, seven in which the standard device and one in 
which the mini device was used. These complica- 
tions were all classified as minor because they 
resolved spontaneously without residua. Four pa- 
tients experienced seventh nerve stimulation when 
using the implant. Three of these patients were 
relieved by programming out the offending elec- 
trodes. One patient did not benefit from program 
adjustment and it was necessary to remove the 
device. Perilymph fistula is categorized as a major 
complication since it required surgical reexplora- 
tion. There were five patients with persistent 
postoperative dizziness suggesting a fistula. The diz- 
ziness in two of these patients resolved spontaneous- 
ly. Three cases of suspected perilymph fistula were 
explored surgically, and one suspected fistula was 
repaired. 


Surgical reexploration was necessary in eight pa- 
tients with nonfunctioning implants because of 
either incorrect electrode position or electrode com- 
pression. One additional prosthesis had te be re- 
moved because of electrode exposure in the mastoid 
bowl from a previous radical mastoidectomy. Since 
these complications all necessitated surgical revi- 
sion, they are considered major. 


Additional complications included minor taste 


TABLE 3. COMPARISON OF COMPLICATION RATES 
OF STANDARD AND MINI DEVICES 


Standard Device Mini Device 


Total No. 40/275 = 14.5 % * 15/184 = 8.2% * 
Кар песгоѕіѕ 18/275 = 6.5% 7/1842 3.8% 
Facial (seventh nerve) 

weakness 7/275= 2.5% 1/1842 0.5% 


* Significance (p = .04) indicates that complication rate of mini device 
is lower than that of standard device. 


disturbance in two patients, and a tympanic mem- 
brane perforation that healed spontaneously in one 
patient. There were no fatalities, and no general 
postoperative medical problems developed. 


These results were analyzed for the standard im- 
plant, the mini implant, and the chronological oc- 
currence of each complication in each surgeon's 
series. А comparison of the standard and mini de- 
vices seems to indicate that the complication rate is 
lower with use of the mini device (14.5% versus 
8.7%). This is a significant difference (р = .04). 
Table 3 shows the difference in complication rates 
between the standard and mini devices for flap ne- 
crosis and seventh nerve weakness. 


The complications with use of the mini device 
were analyzed in terms of those surgeons who im- 
planted only the mini device versus those who im- 
planted the standard device initially and the mini 
device subsequently. These data reveal a complica- 
tion rate of 8.4% when the surgeon had prior ex- 
perience with the standard device but 19% when 
the mini device was the sole implant. This compari- 
son is statistically significant (p = .06), indicating 
that the complication rates for the standard and 
mini devices reflect a learning curve rather than in- 
trinsic negative features of one implant or the other. 


Eighty percent of the flap complications occurred 
within the first three operations done by an individ- 
ual physician. Twenty surgeons had one complica- 
tion occur, 13 had two complications, and three 
had three complications. 


Of the 42 surgeons who reported complications, 
21 (50%) had attended the Nucleus training course, 
whereas of the 45 surgeons who reported no compli- 
cations, 27 (60%) had attended the course. Al- 
though this difference is small and not significant 
(p = .35), we believe it is worthy of mention, espe- 
cially in view of the large total number of surgeons 
not taking the training course. Twenty-one of the 
surgeons who responded either to the questionnaire 
or to the telephone follow-up had yet to perform 
their first implant. 


DISCUSSION 


The risks of cochlear implantation include those 
related to general anesthesia and the patient's medi- 
cal condition and those related to the unique fea- 
tures of this specific surgical procedure. No anesthe- 
sia or medical complications were reported on the 
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Fig 1. Recommended incisions for 
Nucleus multichannel cochlear 
implant. A) Inverted U flap show- 
ing inferior arterial supply and 
wide margins around implant. B) 
C flap illustrating superior and in- 
ferior blood supply and wide mar- 
gin around implant. 








questionnaires regarding the Nucleus device. The 
overall complication rate related to the operative 
procedure was 11.8%: 4.8%, major; and 7%, mi- 
nor. There was one life-threatening complication 
with a CSF gusher and meningitis caused by a Mon- 
dini deformity. While the overall complication rate 
is not prohibitively high, it should be lower. 


Surgical techniques used for cochlear implanta- 
tion combine elements of head and neck surgery 
with both familiar and unfamiliar aspects of oto- 
logic surgery. А surgeon performing his/her first 
cochlear implant may have experience with some 
aspects of the operation but may be inexperienced 
in others. In order to avoid complications, all neo- 
phyte implant surgeons should be practiced otologic 
surgeons and should have completed an appropriate 
implant training course. 


The most common major complication reported 
in this paper, flap necrosis, is usually avoidable. 
Two flaps used in cochlear implantation, the inferi- 
orly based or inverted “U” (Fig 1A) and the anteri- 
orly based “С” (Fig 1B), have been described." Both 
are acceptable. Flap viability is insured by proper 
flap design and handling. Creation of a broadly 
based flap and avoidance of transecting key 
branches of the superficial temporal or ^ccipital ar- 
teries are necessary. Limitations imposed by previ- 
ous postauricular incisions and scars should be 
heeded. The proposed incision line should be at 
least 1.5 ст from the edge of the implanted elec- 
tronics package. 


The flap must be thin enough to permit transcu- 
taneous transmission of electronic impulses and at- 
traction between the internal and external magnets 
(less than 6 mm), but not so thin that the flap will 
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undergo necrosis. The flap must be handled deli- 
cately, avoiding maceration of the flap margins and 
retraction sutures that strangulate tissue. The flap 
must be kept moist during the surgical procedure. 
Postoperative seroma can be avoided by the use of a 
Jackson-Pratt or similar suction device. 


Facial nerve injury can be avoided only through 
careful dissection of the facial recess. The surgeon 
must be experienced and knowledgeable in facial 
nerve anatomy. The facial nerve should be left en- 
cased in bone. When working through the facial re- 
cess toward the mesotympanum, care must be taken 





Fig 2. Middle ear seen through facial recess. Hypotym- 
panic cell below round window niche must be avoided. 
(Courtesy of Cochlear Corporation.) 
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Fig 3. Postoperative radiographs showing A) compressed elec- 
trode array in cochlea, B) electrode in hypotympanum, and C) 
electrode array in proper intracochlear position. 





that the shaft of the bur not rotate against the perforation can be minimized by exercising care in 
nerve. The bur should be angled anterolaterally. opening and working through the facial recess. 


Proper placement of the electrode array is essen- 
tial to successful restoration of hearing sensation. 
Preoperative computed tomography should alert 
the surgeon to possible anatomic limitations. The 
anatomy of the middle ear and scala tympani may 
be very distorted by the conditions causing the pa- 
tient's deafness, such as temporal bone fracture, 
otosclerosis, or labyrinthitis ossificans. The surgeon 
must be able to identify the round window niche 
and promontory and not be confused by hypotym- 
panic air cells (Fig 2). 


Force must not be used when inserting the long 
electrode*; this may lead to damage of intracochlear 
tissues with loss of stimulable neuronal population? '? 
or to compression and kinking of the electrode (Fig 
3A). A postoperative transorbital plain radiograph, 
taken in the operating room prior to extubation, 
will document proper electrode position and lack of 
electrode compression (Fig 3B,C). If the electrode 
seems to meet an obstruction within the scala tym- 
pani, it should be withdrawn slightly, rotated 180? 
to bring the tip away from the basilar membrane 
(Fig 4), and inserted further. 





|; я нь cur be aber by careful aen Fig 4. Electrode being rotated 180? during insertion in 
mg o the ИНЕ TEANN да eostomy with sort right ear to carry tip away from basilar membrane. (Cour- 
tissue. Taste disturbance and tympanic membrane tesy of Cochlear Corporation.) 
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CONCLUSION 


This stucy confirms that Nucleus multichannel 
cochlear implant surgery is relatively safe and that 
major complications are few. Most of the problems 





arise early in the learning curve and should be 
avoidable with proper training and careful atten- 
tion to surgical planning and technique. It is recom- 
mended that all beginning surgeons attend a device- 
specific implant training course. 
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Clinical trials for the Nucleus multichannel cochlear implant in children 2 through 9 years of age have been ongoing for approximately 
1 year. We describe three children who have used the device for at least 8 months. Based on these three cases, we discuss some factors that 
might affect the outcome of the Nucleus implant in young children: age at implantation, age at onset of deafness, and duration of profound 
deafness before implantation. Surgical and rehabilitation issues, including educational settings, are reviewed. 


KEY WORDS — cochlear implant, deafness in children. 


In November 1986, clinical trials were initiated 
for the Nucleus multichannel cochlear implant in 
children under 10 years of age. This device has 22 
active electrodes and uses a speech feature extrac- 
tion processing scheme. Here we describe three 
children who have used the device for at least 8 
months. 


CASE REPORTS 


Case 1. A boy, currently 7 years of age, has bilat- 
eral profound sensorineural hearing loss secondary to 
meningitis contracted when he was 5 years 1 month 
of age. He received his implant when he was 5 years 
10 months of age after trials with a hearing aid and 
a tactile device led to no significant benefits. The 
operation was uneventful. New bone growth had 
obliterated the round window, and the surgeon had 
to drill forward 3 mm before a patent scala tympani 
was entered. Eighteen of the 22 active rings were 
inserted into the cochlea. The child currently is en- 
rolled in an aural/oral educational program. 


Case 2. A girl, currently 3 years 10 months of age, 
has congenital profound sensorineural hearing loss 
of unknown cause. Her hearing loss initially was 
diagnosed when she was approximately 3 months of 
age, at which time she began using bilateral hearing 
aids. Since she was unresponsive to hearing aids, she 
underwent a complete implant evaluation, and at 
the age of 2 years 3 months received a House 3M 
single-channel cochlear implant. Following initial 
stimulation with the implant, her marked improve- 
ment in behavior provided daily evidence of device 
function. However, after approximately 2 months 
of use her behavior deteriorated. Testing revealed 
that the internal receiver was no longer functional. 


Following discussion by the implant team and 
then with the child’s parents, it was decided to ex- 
plant the single-channel device and implant a Nu- 
cleus multichannel device into the same ear. She 
was 2 years 10 months of age at the time of implan- 
tation. There were no problems with the operation. 
All 22 of the active rings were inserted into the pa- 
tent scala. Currently the child is enrolled in a total 
communication program. 


Case 3. A girl, now 9 years 10 months of age, has 
profound sensorineural deafness as a result of 
meningitis contracted when she was 8 months of 
age. She was fitted with hearing aids at 2 years of 
age. The Nucleus cochlear implant was installed 
just after her ninth birthday. New bone growth had 
obliterated the round window and the initial por- 
tion of the scala tympani, requiring the surgeon to 
drill forward 6 mm before a patent scala was en- 
tered. All 22 active rings and five of the ten stiffen- 
ing rings were inserted. She is in an aural/oral resi- 
dential program. 


RESULTS 


Case 1. Initial hookup of the device for this child 
was 5 weeks postoperatively. He returned every 2 
weeks for the first 2 months for setting of the signal 
processor, and during this time period, a number of 
functional maps (electrode settings) were used. He 
then returned every few months. The audiologist 
worked with the child a total of 28 hours before the 
first balanced map of the processor was obtained 9 
months after hookup. The patient’s thresholds (T 
levels) have remained similar over time while his 
maximal comfortable loudness levels (C levels) have 
increased. His stimulation mode is bipolar (BP) + 1. 
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TABLE 1. AUDITORY DISCRIMINATION RESULTS OF 
POSTLINGUALLY DEAF CHILD (CASE 1) PREIMPLANT 
WITH HEARING AIDS AND TACTILE AID AND 
POSTIMPLANT WITH NUCLEUS DEVICE 


Preimplant Postim plant 
Auditory 3 6 1 
Discrimination Tests HA TA Mo Мо Yr 
Closed set 
DAT level 1/19 5/19 19/19 12/12 12/12 
TAC subtest CNT 0/10 3/10 7/10 7/10 
MTS words 2/24 1/24 17/24 22/24 24/24 
MTS stress 12/24 10/24 21/24 24/24 24/24 
Open set 
GASP! wores DNT DNT 5/19 7/19 11/12 
GASP! sentences DNT DNT 1/10 6/10 10/10 
PBK-50 ('h list) 
Auditory DNT DNT 0% 20% 48% 
Auditory visual DNT DNT 40% 48% 80% 


HA — hearimg aid, ТА — tactile aid, DAT — Discrimination After 
Training Test. TAC — Test of Auditory Comprehension, MTS — Mono- 
syllable, Тгсеһее, Spondee Test, GASP! — Glendonald Auditory 
Screening Procedure, PBK — Phonetically Balanced Kindergarten 
Words, DNT — did not test, CNT — could not test. 


Data ere available for his preimplant and 
3-month, 3-month, and 1-уеаг postimplant evalua- 
tions. Presmplant unaided testing showed responses 
to pure tenes under earphones at 135.5 dB sound 
pressure level (SPL) at 250 Hz. No responses were 
obtained at higher frequencies and no responses 
were obtained with use of postauricular hearing 
aids at full volume. With use of the cochlear im- 
plant, responses to warble tones were obtained from 
250 Hz tarough 4,000 Hz at levels of 45 to 70 dB 
SPL. Presmplant and postimplant auditory discrim- 
ination seores on the Discrimination After Training 
(DAT) test,' the Test of Auditory Comprehension 
(TAC),? and the Monosyllable, Trochee, Spondee 
(MTS) test? are presented in Table 1. Postimplant 
results using the word stimuli and sentence com- 
prehensien material from the Glendonald Auditory 
Screening Procedure (GASP!),* presented in an 
auditory-only mode, and results using the Phoneti- 
cally Balanced Kindergarten Words (PBK) pre- 
sented by live voice in auditory-alone and audi- 
tory/visual conditions also can be seen in Table 1. 


Case 2. Following initial hookup of the device 5 
weeks postoperatively, the audiologist has worked 
with this young patient approximately 36 hours ma- 
nipulating the signal processor. Initially, half of the 
electrodes were set. With each following session, 
two or three electrodes were added. T and C levels 
are now consistent and repeatable. The stimulation 
mode is common ground. 


Data are available from preimplant, initial 
House 3M, and 11 months post-Nucleus testing. 
Preimpiant, unaided auditory thresholds for the ear 
later implanted were obtained at 125.5 dB SPL at 
250 Hz. 126 dB SPL at 500 Hz, and 123 dB SPL at 
1,000 Ez. With the use of hearing aids, a response 
of 97 dB SPL was obtained at 250 Hz. Initial acous- 
tic thresholds with the use of the House 3M cochlear 


TABLE 2. AUDITORY DISCRIMINATION RESULTS OF 
PRELINGUALLY DEAF CHILD (CASE 3) PREIMPLANT 
WITH HEARING AIDS AND TACTILE AID AND 
POSTIMPLANT WITH NUCLEUS DEVICE 


Preimplant Postimplant 

HA TA 6 Mo 
DAT level 5/12 6/12 9/12 
TAC subtest CNT 1/10 1/10 
MTS words DNT 2/24 3/24 
MTS stress DNT 8/24 13/24 


implant were similar to those with use of the Nucle- 
us implant, which were 45 to 66 dB SPL. The child 
is aware of sound and passes level 2 of the DAT. She 
responds consistently to the presence versus absence 
of voice as well as to some environmental sounds. 


Case 3. Initial hookup of the device for this child 
was 4 weeks postoperatively. Before April 1988, 38 
hours were spent mapping the signal processor. At 
that time, the processor map was not yet completely 
balanced. The patient's T levels have improved over 
time and the C levels have increased, although the 
patient has some tolerance problems, complaining 
that some sounds are too loud. T and C levels for the 
even-numbered electrodes were obtained first, and 
in subsequent sessions the levels of the odd elec- 
trodes were added. Her stimulation mode is BP + 3. 


Data are available from preimplant and 6-month 
postimplant testing. Preimplant, unaided auditory 
thresholds for the ear later implanted were obtained 
at 130.5 dB SPL at 250 Hz, 131 dB SPL at 500 Hz, 
and 130 dB SPL at 3,000 Hz. With use of hearing 
aids, responses of 81 dB SPL at 250 Hz, 68 dB SPL 
at 1,000 Hz, and 92 dB SPL at 4,000 Hz were ob- 
tained. Postimplant thresholds ranged from 67 to 88 
dB SPL across the speech-frequency range. Audi- 
tory discrimination results of the DAT, TAC, and 
MTS tests can be seen in Table 2. 


DISCUSSION 


The case 1 patient was the first child in the 
United States under 10 years of age to receive the 
Nucleus multichannel cochlear implant. He was a 
prime candidate, being postlingually deaf and hav- 
ing had a short duration of deafness. His test results 
at even 3 months of implant use are very good; his 
results at the l-year follow-up, especially on the 
open-set auditory discrimination tests, are outstand- 
ing. Following the onset of deafness, his speech had 
deteriorated. During the first few months of im- 
plant stimulation, changes in the signal processor 
maps seemed to have a negative effect on his speech 
quality, causing hypernasality. With time his speech 
quality has improved. He has reduced the proloenga- 
tion of his vowels and has more intelligible speech. 
Interestingly, temporary changes іп speech quality 
still occur each time the map is changed.  .- 


Our case 2 patient is one of the youngest children 
to receive the Nucleus implant and is the only one of 
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these three children with a congenital hearing loss. 
She does not have the cognitive skills to complete 
many of the tests that are part of the investigative 
protocol. The biggest change seen in her since the 
initial hookup of the device has been her improved 
behavior; this is the same change that was noted 
with the use of the House 3M device. She does re- 
spond to some sounds, but not consistently as yet. 
She is vocalizing more often and does have a few 
more intelligible words. She had been enrolled in an 
oral educational program, but for the last 3 months 
has been in a total communication environment. 


Our case 3 patient had prelingual deafness of 
long duration. She was considered a good candidate 
because she had received extensive auditory and 
speech and language training. At this time she can 
discriminate easily in a closed set between words 
differing in stress or number of syllables. She is just 
beginning to receive some frequency information. 
Her imitative speech has improved. Her pitch vari- 
ation is better, but is still a problem. The most dra- 
matic change noted has been in her improved be- 
havior; she seems less frustrated when attempting to 
communicate. 


During the last year, there have been no medical 
problems or episodes of otitis media in these three 
children. There have been minor problems with the 
equipment in all cases, requiring replacement of 
signal processors, cables, external transmitters, and 
microphones. 


А previous study investigated what factors might 
provide prognostic indicators for identifying pa- 
tients most likely to benefit from cochlear implanta- 
tion. In their study of children using the House 3M 
device, Eisenberg et al* found that a later age at on- 
set of deafness, a shorter duration of auditory depri- 
vation, and an educational program with special 
emphasis on auditory-only training were important. 
Using these indicators, one can see easily why, of the 


three patients, our case 1 patient has the best per- 
formance using the Nucleus implant. Even though 
the expectations for the congenitally or the prelin- 
gually deaf child might differ, we know from recent 
data that improvements in auditory abilities with the 
House 3M implant have been measured for children 
in all age groups (2 to 5, >5 to 11, and >11 to 18 
years) regardless of duration of deafness, and for con- 
genitally, prelingually, and postlingually deaf chil- 
dren.? Children who receive implants at a younger 
age, however, generally improve at a faster rate. 


А concern expressed about multichannel cochlear 
implants in children is the feasibility of setting the 
more complex devices, particularly in young chil- 
dren. The initial stimulation and setting of the Nu- 
cleus device was considerably more difficult in cases 
2 and 3 than in case 1. Setting in the young and in 
the congenitally and prelingually deaf is challeng- 
ing but can be accomplished. It is important that 
the audiologist, physician, other team members, 
and parents be aware of the considerable time com- 
mitment and the patience the task involves. Sharing 
of their experiences with setting and adjusting the 
Nucleus device by the involved professionals will 
improve the task. 


The size of the internal receiver of the multichan- 
nel implants in relation to the size of a child's skull 
has also concerned previous investigators. The orig- 
inal Nucleus receiver was quite large and unsuitable 
for the very young child. However, development of 
the Mini-22 internal receiver has opened the im- 
plantation of the Nucleus multichannel device to 
appropriate candidates 2 years and older. Our case 
2 patient, one of the youngest children to receive 
the device, had an uneventful operation. 


As the investigation progresses, we will continue 
to gather information regarding the clinical appli- 
cation of multichannel cochlear implants for pro- 


foundly deaf children. 
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INCIDENCE OF BELL’S PALSY 


NAOAKI YANAGIHARA, МЭ 


EHIME, JAPAN 


The annual incidence of Bell's palsy in three consecutive years — 1984, 1985, and 1986 — was investigated in Ehime Prefecture їл 
Japan, which has a population of 1,530,000. The number of new patients with Bel's palsy was solicited from 1,377 medical institutions 
and their referral hospitals. The clinical records of the 15 main hospitals were exemined personally by the author to confirm the exact 
numbers. Special care was taken to ensure minimal error in the present epidemiologic investigation. The annual incidence of Bell’s palsy 
per 100,000 pcoulation was found to be 30, and no annual variation was noted. The ratio of male to female patients was 48:52 in all cases. 
There was no geographic difference in incidence. 


KEY WCRDS — Bell's palsy, facial palsy. 


In the Western literature"? the incidence of Bell's and narre of the hospital, if any, to which the pa- 
palsy is indicated generally as being approximately tient was referred. 
20 cases рет 100.000 population. No data are pres- 
ently available as to whether this figure is also true 
in the East Asian countries or whether there is any 
racial difference in the incidence of Bell’s palsy. The 
present investigation was carried out to determine 
the accurate incidence of Bell's palsy in Japan and 
whether there are annual variations or geographic 


To secure the reliability of the investigation, the 
clinical records of patients with facial palsy were in- 
spected n the 15 main hospitals to verify that the 
referred patients were counted correctly. Thus er- 
rors in ceunting were minimized. 


differences in its incidence. RESULTS 
The -ecovery rate of the questionnaire was 
METHOD 49.4% i1 1985, 40.4% in 1986, and 48.1% in 1987; 
-— and the percent of institutions treating at least one 
The investigation was conducted in Ehime Fre- patient with Bell's palsy was 12.0% in 1985, 13.2% 


fecture, located in the southwestern part of Japan 
on Shikoku Island. The prefecture has a population 
of 1,530,090 and a mild climate with an average 
low temperature of 5.3°C in January and an aver- 
age high temperature of 27°C in August. The hu- 
midity ranges from 66% to 76%. The prefecture is 
divided into southern, middle, and eastern sections. 
The southern section is devoted to agriculture, 
forestry, and fishery. Industry and commerce are 
concentrated in the middle section. The eastern sec- 
tion is characterized by industry and agriculture. 


in 1986, and 11.7% in 1987. The data showed that 
about Falf of the medical institutions were in- 
terested in Bell’s palsy and that 12% of all the in- 
stitutions treated patients with Bell’s palsy. In 
Table 1 the total number of male and female pa- 
tients and their ratios for each of the 3 consecutive 
years ar? tabulated. Taking into consideration pop- 
ulation size and the number of patients investi- 
gated, annual differences in total numbers were 
judged to be insignificant. 


There was an average of 460 new patients with 
Bell's pelsy per year in Ehime Prefecture. The ratio 
of male to female patients (48:52) showed no varia- 
tion during the 3 years. 


There аге 1,377 medical institutions, 956 private 
clinics, amd 42] departments in 111 hospitals. We 
mailed a questionnaire with a reply card to these in- 
stitutions :n January 1985, January 1986, and Jan- 
uary 1987. The questionnaire asked 1) how many Table 2 shows the annual incidence of Bell’s palsy 
male and ‘emale patients with Bell’s palsy, Ramsay in males and females per 100,000 population during 
Hunt syncrome, and facial palsy of other causes of the 3 yzars. Neither significant annual difference 


new onset the respondent saw from January to nor sexual preponderance was noted. In the males, 
December of the last year and 2) the department the average incidence was 30.6, while in the fe- 
TABLE 1. NUMBER OF NEW PATIENTS WITH TABLE 2. INCIDENCE OF BELL'S PALSY PER 
BE.L'S PALSY IN EHIME PREFECTURE 100.200 POPULATION IN EHIME PREFECTURE 
1984 1985 1986 1984 1985 1986 
Males 234 | 48.1%) 224 ( 47.4%) 206 ( 47.6%) Males 32.6 31.0 28.3 
Females 952 | 51.9%) 249 ( 52.6%) 997 ( 52.4%) Females 32.1 31.2 28.3 
Total 486 (100.0%) 473 (100.0%) 433 (100.0%) Mean 32.4 31.1 28.3 
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TABLE 3. INCIDENCE OF BELL’S PALSY IN THREE AREAS IN JAPAN 
A 


No. of Incidence Per 
Period of Investigation Patients Population 100,000 Population 
Yamagata Prefecture, Murayama area’ August 1985 to July 1986 173 566,856 30.5 
Niigata Prefecture, Seikei area? January 1985 to December 1985 26 64,640 40.2 
Aichi Prefecture, Seto Aichi area? November 1985 to December 1986 72 338,791 27.9 


males it was 30.4. In each section of the prefecture, 
there was no divergence in the average incidence. 


DISCUSSION 


Recently, the incidence of Bell’s palsy was in- 
vestigated in three other areas in Japan*"'* (Table 
3). Both Yamagata and Niigata Prefectures are lo- 
cated far north of our area. In these areas, the win- 
ters are long and the temperature remains below 
0°C. Aichi Prefecture is located in about the middle 
of the main island of Japan and the temperature is 
mild, as in Ehime Prefecture. Despite these differ- 
ences, it is worthwhile to note that the average in- 
cidence of Bell’s palsy in these areas is very close to 
the incidence in Ehime. From the present data, it 
appears reasonable to conclude that the incidence 


fied. Whether it is due to racial susceptibility or en- 
vironmental factors should be determined by addi- 
tional research. 


From the present study, it is apparent that there 
is no annual difference in the incidence of Bell's 
palsy and no sex preponderance. Neither is there 
significant geographic difference in the incidence of 
Bell’s palsy in Japan. In particular, temperature 
does not appear to influence the incidence of Bell's 
palsy. It is pertinent to the present research that the 
incidence of Ramsay Hunt syndrome, investigated 
in the same manner, was three cases per 100,000 
population, this being one tenth that of Bell’s palsy. 


TABLE 4. REPORTED INCIDENCE OF BELL’S PALSY 


of Bell's palsy in Japan per 100,000 population is Country or Per 100,000 
approximately 30. Authors Year Area Investigated Population 
Table 4'7” summarizes the incidence of Bell’s pal- Gregg , нра а vs 

sy per 100,000 population reported in the Western penis cis е ib | 
literature. In Western countries, 20 cases per Adour 1977 California 17-19 
100,000 population is believed to be the average in- үи и 1971 T Р 
cidence. The present results along with those for zi 197] М: 068 
other areas of Japan indicate the incidence of Bell's od: ] иша ' 
palsy among Japanese to be higher than that among Mair and de Graaf 1974 Northern Norway 18.8 
Westerners. The reason for this remains to be clari- Gomez" 1977 Colombia 22.0 
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ASSOCIATION OF DIABETES MELLITUS AND HYPERTENSION 
WITH BELL'S PALSY AND RAMSAY HUNT SYNDROME 


NAQAKI YANAGIHARA, MD MASAMITSU Hyopo, MD 


EHIME, JAPAN 


TLis study included 625 patients with Bell's palsy and 124 patients with Ramsay Hunt syndrome. Seven percent of the cases of Bell: 
palsy aad 1.6% of the cases of Ramsay Hunt syndrome were associated with diabetes mellitus, while 14.1% of the cases of Bell’s palsy anc 
10.4% of the cases of Ramsay Hunt syndrome were associated with hypertension. In the patients over 40 years of age, rates of associatior 
with diabetes and hypertension were 11.2% and 23.0% in Bell's palsy and 1.3% and 10.4% in Ramsay Hunt syndrome, respectively. The 
rates o: diabetes and hypertension in association with Bell's palsy were significant» high compared with those of the general population 


КСҮ WOEDS — Bell’s palsy, diabetes mellitus, hypertension, Ramsay Hunt syndrome. 


It aas been reported often that Bell’s palsy is diseases. Following a special procedure for the pres- 
associated frequently with diabetes mellitus or ent investigation, we obtained the medical history 
hypertensioa, but the reported rates of association of each patient in as much detail as possible. When 
vary considerably. In diabetes mellitus, for exam- recent medical records were not available, blood 
ple, “his rate varies from 8.2% to 6675." Even the pressure. urinary glucose, and blood glucose levels 
resul s of carefully designed investigations are con- were examined, but a glucose tolerance test was not 
tradictory a: to the relationship between Bell’s palsy performed. Thus, the present study details only the 
and liabetes mellitus. By use of the glucose toler- incidence of known diabetes mellitus or known hy- 
ance test, Mori et al? found that the incidence of pertension. 


diabetes mellitus in patients with Bell's palsy was 
almost twice that in the general population. But 


Abranam-Irpinjin and Deveries? failed to prove a RESULTS 

signi icant relationship between Bell’s palsy and The grates of diabetes mellitus and hypertension 
diabetes mellitus using the same test. Instead, they associated with Bell's palsy and Ramsay Hunt syr- 
found a statistically significant difference in blood drome are compared in Table 1. Both diabetes me-- 
pressure between Bell’s palsy patients and control litus and hypertension appear to be associated more 
subjects, and concluded that vascular factors in the frequen: y with Bell's palsy. The differences in these 
pathogeness of Bell's palsy deserve more attention. rates were found to be statistically significant. 


Because the results may be biased by age factors, 
the rates of diabetes mellitus and hypertension were 
compared in patients exceeding 40 years of age. In 
patients with Bell’s palsy, association with diabetes 
mellitus and hypertension was prominent, but in 
Ramsay Hunt syndrome, no significant association 


Tc elimirate disagreement and determine the ac- 
tual pathogenesis of Bell’s palsy, further controlled 
stud=æs should be conducted. In the present study, 
patients with Ramsay Hunt syndrome were chosen 
as the controls, and comparative clinical studies 


were done to determine if diabetes mellitus and onn dile 
hypertensicn are associated closely only with Bell's | 
palsy and rot with Ramsay Hunt syndrome. It has been reported that the percent of incidence 
of diabetes mellitus for male and female popula- 
MATERIAL AND METHODS tions above 40 years of age in Japan is 6.0% and 


3.3% , »espectively.? In our study, the incidence of 
diabete: mellitus in the patients with Bell's palsy 
was 122% in males and 10.3% in females; these 
values аге higher than the reported percentage in 
the general population. 


The study includes 304 males and 321 females, a 
total of 625 patients with Bell’s palsy; and 62 males 
and 32 females, a total of 124 patients with Ramsay 
Hurr syndrome. All were treated previously by the 
autbors at фе Ehime University clinic from 1976 to 
1985. Age distributions of the patients with Bell's In the report of the National Health Statistics 
palsy and Ramsay Hunt syndrome are compared in provided by the Ministry of Health and Welfare of 
the Figure. A. Although there was no statistically Japan im 1984, the incidences of diabetes mellitus 


signficant difference, the distributions differed and hypertension in the population over 65 years of 
considerably among patients under 40 years of age, age are 2.26% and 14.04%, respectively. These 
but aot over 40, and were almost the same for both values are closer to those obtained from patients 
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over 40 years of age with Ramsay Hunt syndrome. 
In patients with Bell's palsy, the percent of in- 
cidence of diabetes mellitus was about five times 
2.26% (11.2%), and of hypertension, about twice 
14.04% (23.0%). 


These statistics indicate that the higher associa- 
tion of diabetes mellitus and hypertension with 
Bell’s palsy is by no means mere coincidence. How- 
ever, onset of Ramsay Hunt syndrome has nothing 
to do with diabetes mellitus or hypertension. 


In the Figure, B and C, age distributions in the 
patients with Bell’s palsy with diabetes mellitus and 
hypertension are compared to those without these 
diseases. These diseases appear to be associated with 
the onset of Bell’s palsy in elderly patients. Diabetes 
mellitus was found to be closely associated with pa- 
tients over 40 years of age, while hypertension was 
associated with patients over 50 years of age. 


DISCUSSION 


It is well known that peripheral mononeuropathy 
is caused by diabetes mellitus. In diabetic ophthal- 
moplegia, ischemic damage to the oculomotor 
nerve has been shown to be definitely responsible. 
Such a clear relationship between Bell’s palsy and 
diabetes mellitus has not been established, but the 
high rate of association of diabetes mellitus is men- 
tioned repeatedly, as shown in Table 2.'.*** How- 
ever, as mentioned above, Abraham-Inpinjin and 


C] without diabetes 


Age distributions of patients with A) Bell's palsy and Ramsay 
Hunt syndrome, B) Bell's palsy with diabetes and without dia- 
betes, and C) Bell's palsy with hypertension and without hy- 
pertension. 
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Deveries? could find no statistically significant dif- 
ferences in the incidence of diabetes mellitus be- 
tween Bell's palsy patients and control subjects. 
They found statistically significant differences in 
blood pressure between Bells palsy patients and 
control subjects and also found systolic and diastolic 
pressure to be elevated more frequently in Bell's 


palsy. 


The high incidence of unilateral facial palsy of 
sudden onset in hypertensive children has been de- 
scribed by Lloyd et al'? and Voorhees et al." They 
speculated on edema or hemorrhage of the intra- 
temporal facial nerve as a possible mechanism for 
facial palsy in hypertensive individuals. 


The present data also indicate the possible impli- 
cation of diabetes mellitus and hypertension in 


TABLE 1. ASSOCIATION OF DIABETES AND 
HYPERTENSION WITH BELL’S PALSY 
AND RAMSAY HUNT SYNDROME 


Ramsay Hunt 


Bell’s Palsy Syndrome 
Total no. of patients 625 124 
Patients with diabetes" 44 ( 7.0%) 2 ( 1.6%) 
Patients with hypertension* 88 (14.1%) 8 ( 6.5%) 
Patients older than 40 366 77 
Patients with diabetes! 41 (11.2%) 1 ( 1.3%) 
Patients with hypertension 84 (23.0%) 8 (10.4%) 


* Difference statistically significant at 1% level. 
t Difference statistically significant at 5% level. 
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TABLE 2. INCIDENCE OF GLUCOSE INTOLERANCE IN 
PATIENTS WITH PERIPHERAL FACIAL PARALYSIS 


No. of Glucose 
Patients With Intolerance 


Authers — —  Үеаг — FacilPahy (%) _ 
Hauser et al* 1971 121 9.9 
Korczyn? 1971 130 66.0 
Fisareva and Profantova® 1973 53 11.3 
Turgman et al’ 1973 60 26.6 
Adour et al* 1974 684 11.4 
Reeurrent 67 28.4 
Over 30 years' duration 440 16.8 
Yasuda et а]? 1975 16 31.9 
Lundgren et al'? 1977 117 12.0 
Pecket and Schattner"’ 1982 126 38.8 
Takahashi et al' 1983 575 8.2 


pathogenesis of Bell’s palsy, particularly in elderly 
patients. In diabetes mellitus, ischemia is most 
probably the mechanism of neuropathy, and in hy- 
pertension, hemorrhage may be responsible for the 
onset of facial palsy. In either case, circulatory dis- 


turbance in the fallopian canal is involved. 


Ramsey Hunt syndrome generally is believed to 
be caused by reactivation of varicella zoster virus 
that has been latently infecting the geniculate 
ganglien. The present study indicates that diabetes 
mellitus is unrelated to this reactivation. The results 
do not s 1pport the assumption that diabetes melli- 
tus triggers reactivation of latent infection of a caus- 
ative viris in Bell's palsy similar to varicella zoster 
virus. 


In the present study, the authors attempted to 
find evicence that would show Bell’s palsy to be due 
to diabe-es mellitus (diabetic Bell’s palsy) and hv- 
pertensien (hypertensive Bell's palsy) by analyzing 
all available data obtained by clinical and medical 
examinations, topodiagnosis, and electrodiagnosis, 
but non? could be found. Additional clinical and 
basic investigations should be carried out to estab- 
lish the actual cause of the disease. 
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FAMILIAL BELL’S PALSY: ANALYSIS OF 25 FAMILIES 


NAOAKI YANAGIHARA, MD 


Eyl YUMOTO, MD 


TOYOHIRO SHIBAHARA, MD 


EHIME, JAPAN 


Of 625 patients with Bell’s palsy, 26 from 25 families (4.0%) 
families indicated the mode of inheritance of familial Bell’s palsy possibl 


had a positive family history of Bell’s palsy. Genealogic analysis of the 
y to be autosomal dominant inheritance with low penetration. The 


prognosis of familial Bell’s palsy was generally favorable. Age, sex, recurrence, and inherited factors are discussed. 
KEY WORDS — Bell’s palsy, familial Bell’s palsy, heredity in Bell’s palsy. 


INTRODUCTION 


A number of reports'® on familial Bell's palsy 
suggest that heredity plays a role in its occurrence. 
However, the mode of inheritance, etiologic fac- 
tors, and clinical features of this disease are still 
matters of controversy. 


The authors have examined 26 patients from 25 
families with more than one member suffering from 
Bell's palsy. Detailed analysis of the patients and 
their families along with reviews of reported cases 
was conducted to provide some clarification as to 
how heredity is associated with the causation and 
clinical features of this disorder. 


METHODS AND MATERIALS 


Among, 625 patients with Bell's palsy treated at 
our clinic from 1976 to 1985, 26 had a positive fami- 
ly history. Two were members of the same family; 
thus, the number of families studied was 25. The 
family history was considered positive if there was a 
member with this disease within the third or fourth 
degree of relatives. In such a case, this person or his 
or her closest relative was examined to determine 
the genealogic relation as accurately as possible. In- 
dividuals with Melkersson-Rosenthal syndrome or 
doubtful cases were not considered. 


RESULTS AND COMMENTS 
MODE OF INHERITANCE 


In one family, four family members, and in three 
families, three family members were found to have 
Bell's palsy. Their family trees are shown in the 
Figure. In the other 21 families, only two persons 
had the disease. Table 1 summarizes their relations 
in the families. There was no consanguineous mar- 
riage in any of the 25 families. The 55 persons af- 
flicted with the disease consisted of 34 males and 21 
females. 


Table 2*5 shows the modes of inheritance as 
reported in the literature. The results of the present 
study support the mode of autosomal dominant in- 
heritance for the following reasons. As shown in the 
Figure and in Table 1, most of the persons with this 
disease were very close relatives, particularly of the 
first or second degree. It is also significant that they 
appeared frequently in consecutive generations. 
The four families shown in the Figure are typical 
examples. These findings are compatible with auto- 
somal dominant inheritance with low penetrance. 
The fact that both males and females were affected 
in a family rules out the possibility of sex-linked in- 
heritance. 


FAMILY 1 FAMILY 2 
/ 
А 
FAMILY 3 FAMILY 4 





4 PROPOSITUS 


O MALE UNAFFECTED 
О FEMALE UNAFFECTED 
Ш MALE AFFECTED 

@ FEMALE AFFECTED 


Pedigrees of four families with familial Bell’s palsy. Four 
members of family 1 and three members of families 2, 3, 
and 4 are afflicted. 
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TABLE 1. RELATION OF PROPOSITUS TO OTHER 
FAMILY MEMBER WITH BELL’S PALSY 


No. of Families 
Parent (first degree) T 


Relation 


Sibling (second degree) 6 

Grandfather (second degree) 2 

Other (third degree) 3 

Other (fourth degree) 3 

Total 2] 
——————s4 S 


CLINICAL FEATURES 


Incidence. The incidence of familial Bell's palsy 
is considerably low. In the present study, it was 
4.0% (25 of 624). The reported incidence shown in 
Table 3,'*57* except Alter's report,' ranges from 
2.0% to 8.0% with a mean of 5.5% (142 propositi 
versus 2,581 patients). Alter' reports a very high in- 
cidence of familial Bell's palsy (28.6%) in Jeru- 
salem, though the reason for this is not evident. 


Age at Onset. In Table 4, the age distribution of 
our 25 patients is compared with that of all 625 pa- 
tients. The average age at onset was 42.3 years in 
familial Bell's palsy and 42.9 years in nonfamilial 
Bell’s palsy. No notable difference between the two 
groups could be found. 


Sex. The sex distribution of the 625 patients was 
about equal (304 males and 321 females). Our 
group with familial Bell's palsy consisted of 34 
males and 21 females. Frequency of the male pa- 
tients (61.8 %) exceeded that of the female patients, 
though not to a statistically significant degree. 


Recurrence. Cawthorne and Haynes,'? Taka- 
hash: and Fujiwara, * and Hosoya and Ito'' re- 
ported familial Bell's palsy to recur more frequently 
than nonfamilial Bell's palsy. Three of our 26 pa- 
tient: had recurrence: one unilateral recurrence 
(right-right), one alternating bilateral (left-right), 
and one recurrent bilateral (right-left-left). The re- 
currence of familial Bell's palsy was 11.5%, while 
40 cases (6.9%) of the nonfamilial Bell's palsy 
showed recurrence. The number of patients with 
familial Bell's palsy was not large enough to show 
statistical significance. Thus it cannot be concluded 
that the incidence of recurrence of familial Bell's 
palsy is higher. 


TABLE 2. MODES OF INHERITANCE REPORTED 
IN LITERATURE 


Authors Year Mode of Incidence 

Alter! 1963 Single autosomal dominant with 
low penetrance 

Kakar et al? 1966 Autosomal recessive 

Currie? 1970 Multifactorial or autosomal reces- 
sive 

Takahashi and 

Fujiwara‘ 1971 Autosomal dominant with low 


penetrance 


Willbrand et al5 1974 Autosomal dominant 


Alonse-Vilatel 


et al 1979 Multifactorial 


TABLE 3. INCIDENCE OF FAMILIAL BELL'S PALSY 
REPORTED IN LITERATURE 


Authors Year Incidence 

МегуогіВ’ 1944 2.0% ( 6/ 304) 
Alter’ 1963 28.6% (30/ 105) 
Minowadcs* 1967 5.7% (5! 87) 
Takahashi and Fujiwara‘ 1971 2.8% ( 8/ 288) 
Willbrand et а]* 1974 6.1% (14/ 230) 
Adour et al’ 1978 8.0% (84/1048) 
This reper 1988 4.0% (25/ 624) 


Severity of Palsy and Prognosis. Among the 26 
patients. 15 consulted our clinic within 2 weeks fol- 
lowing onset and were observed for more than 8 
weeks. Tie 215 patients with nonfamilial Bell's pal- 
sy also were examined within 2 weeks following 
onset, far more than 8 weeks. 


Facial movements in the two groups were com- 
pared using a grading system devised by one of the 
authors (Yanagihara et al). The score was 40 when 
normal facial movements were observed, and 0 for 
paralyss The score was less than 8, meaning highly 
paretic. in six patients (40.0%) with familial Bell's 
palsy, and in 38 patients (17.7%) with nonfamilial 
Bell’s palsy. Thus, familial Bell’s palsy appears to be 
more severe than nonfamilial Bell’s palsy. Never- 
theless, їл 14 of 15 patients (93.3%) with familial 
Bell’s palsy, recovery occurred within 8 weeks. One 
hundred seventy-one patients (79.5%) with non- 
familia; Bells palsy recovered within 8 weeks 
followiag its onset. In nine patients (4.2%), palsy 
persisted for as long as 6 months after onset. No pa- 
tients wath familial Bell’s palsy showed residual 
palsy beyond 6 months after onset. These findings 
indicate a favorable prognosis for familial Bell’s 
palsy as described by Minowada® and Hosoya and 
Ito," in spite of the initial severity of the paralysis. 


INHERITED FACTORS 


Assuming inheritance to be involved significantly 
in the eccurrence of Bell's palsy, there must be in- 
herited factors — single or multiple, local or sys- 
temic — that possibly lead to neuropathy of the in- 
tratempcral facial nerve. Several hypotheses pre- 
sented ir the literature are summarized in Table 
9. *'** Among those, diabetes mellitus possibly 


TABLE + AGE DISTRIBUTION OF PATIENTS AT ONSET 
OF FAMILIAL AND NONFAMILIAL BELL’S PALSY 


Ag it 
Onset fyr) Familial Nonfamilial 
0-9 3 ( 11.5%) 44 ( 7.0%) 
10-39 1 ( 3.8%) 43 ( 6.9%) 
20-29 2 ( 7.7%) 74 ( 11.8%) 
30-29 4 ( 15.4%) 98 ( 15.7%) 
40-49 6 ( 23.1%) 104 ( 16.6%) 
50-29 3 ( 11.5%) 128 ( 20.5%) 
60-69 6 ( 23.1%) 79 ( 12.6%) 
70- 1( 3.8%) 55 ( 8.8%) 
Total 26 (100.0%) 625 (100.0%) 


Меп 42.3 уг 42.9 уг 
M Á— Á— — — À9 YT 0 00 
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TABLE 5. POSSIBLE ETIOLOGIC FACTORS OF 
FAMILIAL BELL'S PALSY 


Authors Year Etiologic Factors 

Alter’ 1963 Narrow fallopian canal; small sty- 
lomastoid foramen 

Danforth” 1964 Unbalanced autonomic responsive- 
ness; small stylomastoid foramen; 
fibrosis of the nerve in the fallo- 
pian canal 

Kakar et al? 1966 Unbalanced autonomic responsive- 
ness 

Currie? 1970 Diabetes mellitus 

Takahashi and 


1971  Vulnerable facial nerve; systemic 
susceptibility 


Sugiyama et al'* 1973 Diabetes mellitus 


Fujiwara’ 


may be involved in the patients of the present study. 
Three of the 26 patients, or 11.5%, had diabetes 
mellitus. In the 599 patients with nonfamilial Bell's 
palsy, 41 or 6.8% had the same disorder. The num- 


ber of patients with familial Bell's palsy was too 
small to detect a significant difference, but diabetes 
mellitus may possibly be an inherited factor. 


CONCLUSION 


Of the 625 patients with Bell's palsy examined 
from 1976 to 1985, 26 patients from 25 families had 
a positive family history of Bell’s palsy. Its incidence 
was 4.0% in this study. Genealogic analysis of the 
families indicated the mode of inheritance of fa- 
milial Bell's palsy possibly to be autosomal domi- 
nant with low penetration. With regard to sex and 
age at onset, no difference was found between fa- 
milial and nonfamilial Bell's palsy. The prognosis of 
familial Bell's palsy is generally favorable. Though 
not conclusive, a higher incidence of recurrence and 
a closer association of diabetes mellitus with famil- 
ial Bell’s palsy appear probable. 
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HUMAN LEUKOCYTE ANTIGENS IN BELL'S PALSY 


TovoHIRO SHIBAHARA, MD 
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Ninety-th гее patients with Bell's palsy including 12 members of two families with familial Bell's palsy were typed for human leukocyte 
antigens (HL Ав). Significant association between HLAs and Bell's palsy was found The association of certain HLAs with the palsy may 


predict the specific clinical course and prognosis. 


KEY WORDS — Bell’s palsy, familial Bell's palsy, heredity in Bell's palsy, т тап leukocyte antigen. 


INTRODUCTION 


Although the cause of Bell’s palsy is largely 
unknown, the papers included in this Supplement 
have suggested that the disease could be classified 
into etiologically different subgroups. In the pre- 
ceding paper on familial Bell’s palsy (pp 8-10), it 
was shown ‘hat some genetic factors may play a role 
in the occurrence of Bell’s palsy. The human leuko- 
cyte antigem (HLA) system is known to hold impor- 
tant genetic factors that are associated with an indi- 
vidual’s susceptibility and resistance to certain dis- 
eases. The purpose of the present study was to inves- 
tigate a possible association between Bell’s palsy 
and antigers of the HLA system. 


MATERIALS AND METHODS 


Materials. Human leukocyte antigen typing was 
performed en 93 patients with Bell’s palsy including 
12 members of two families with familial Bell's 
palsy. All patients consulted the otolaryngology 
clinic of EFime University Hospital within 2 weeks 
after the onset of Bell’s palsy. The patients were 
divided into two groups: the genetic-suspected 
group (group G) consisted of patients with familial 
palsy and specific types of palsy (unilateral recur- 
rent, bilateral recurrent, bilateral simultaneous, or 
bilateral alsernative onset of palsy), while the non- 
genetic group (group N) had other types of palsy. 
This division was made because the onset of Bell’s 
palsy in grcup G was thought to be influenced more 


TABLE 1. CLASSIFICATION OF BELL’S PALSY PATIENTS 


Genetic-suspected group 19 
Familial Bell’s palsy 6 
Specific types of Bell's palsy 13 


Bilate-al simultaneous onset 
Bilate-al recurrent onset 
Bilate-al alternative onset 
Unilateral recurrent onset 
Nongenetic group 74 


Total 93 


л оь н 


by endogenous factors than by environmental fac- 
tors. Table 1 shows the number of patients in each 
group. In addition, the patients were classified into 
groups by our facial palsy grading system.' In this 
system. a score of 40 points indicates normal facial 
movements and a score of 0 indicates no movement. 
By the facial score obtained during the first ex- 
aminaticn, mild dysfunction of facial movement 
(group MD) was defined as a score above 20 points, 
and sewere dysfunction (group SD) as a score below 
8 points. The number of patients in group SD was 
28, and in group MD, 26. With regard to clinical 
course, the nonhealed group (group NH) was de- 
fined as having a score below 24 points at the eighth 
week after onset, and the healed group (group H), 
above 3€ points at the fourth week. The number of 
patients їп group NH was nine, and in group Н, 40. 
The control group for HLA distribution consisted of 
177 healthy persons with matching ages who lived 
in the same regions. 


HLA Typing and Statistical Analysis. Forty-two 
HLAs were investigated by use of the standard NIH 
lymphecytotoxicity test?: HLA-A 1, 2, 11, 24, 26, 
31, w33 HLA-B 7, 13, 17, 35, 39, 44, w46, w48, 
51, wE2, w54, w55, w56, w59, w60, w61, w62, 
w67; HLA-C wl, w2, w3, w4, w7, X46; HLA-DR 
1, 2, 4.5, 7, w8, w9, w13, w52, w53; HLA-DQ wl. 
Statistical analyses of distribution of HLAs were 
calculated according to Green's method.?^* The 


TABLE 2. SIGNIFICANTLY FREQUENT HUMAN 
LFUKOCYTE ANTIGENS IN BELL'S PALSY 


AND CONTROL SUBJECTS 


Bell's Palsy Control 
(n = 93) n=177)* 
No. AF(%) No. AF(%) RR x p 
B44 9 2x 13 te 0.28 4.54 .050 
Bw48 9 9:7 6 3.4 3.05 4.95 .050 
Bw67 8 8.6 1 0.6 16.57 21.10 .001 
Cw7 23 24.7 19 11.4 2.56 7.86 .010 
DR4 25 26.9 69 39.0 0.58 3.93 .05C 


*Number of control subjects for Cw7 = 167. 
AF — frequency of antigen, RR — relative risk. 
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TABLE 3. SUBDIVISION BY DYSFUNCTION 
AND HLA TYPE 


Group SD Group MD 
(n = 28) (n = 26) 
No. AF(%) No. AF(%) RR x? p 


A24 24 85.7 9 34.6 11.33 26.46 .001 
A26 14 50.0 5 19.2 4.20 9.44 .005 
Bw55 4 14.3 0 0.0 9.74 4.85 .050 
Bw61 7 25.0 2 ү бу 4.00 4.18 .050 
Bw62 8 28.6 1 3.8 10.00 9.20 .005 
Bw67 6 21.4 0 0.0 15.31 9.01 .005 
Cwl 10 35.7 1 15.4 3.06 4.49 .050 
Cw7 9 32.1 3 11.5 3.63 5.09 .050 
DR2 11 39.3 5 19.2 2.72 4.05 .050 
DR4 13 46.4 2 1.7 10.40 17.27 .001 
DQwl 18 64.3 8 30.8 4.05 6.07 .025 
DRw52 20 11.4 11 42.3 3.41 4.68 .050 


DRw53 16 91.1 6 23.1 4.44 6.48 .025 


Group SD — severe dysfunction of facial movement, group МО — 
mild dysfunction of facial movement. 


HLAs described in Tables 2-6 showed a significant 
increase at the level of 5%. 


RESULTS 


Population Study. The frequency of HLA-Bw67 
and of Cw7 was significantly higher in the patients 
than in the control subjects (р< .01; Table 2). In 
particular, the frequency of these two antigens 
significantly increased in group SD and in group 
NH compared with group MD and group H, respec- 
tively (Tables 3 and 4). Moreover, the frequency of 
HLA-Bw55 and Bwé67 significantly increased іп 
group G and in the specific types compared with 
group N and the nonspecific type, respectively 
(p< .01; Tables 5 and 6), although the frequency of 
Bw55 antigen was not higher in the patients as a 
whole. 


Haplotype Study. The haplotype is defined as the 
combination of two or more HLAs. The haplotype 
associated with HLA-Bw67 and HLA-Cw7 was 
found significantly more frequently in Bell’s palsy 
patients than in control subjects (р < .01), although 
Bw67-Cw7 was one of the haplotypes most com- 
monly found in the control subjects. This haplotype 
was observed in eight of 93 patients, and four of 
them (50% ) were included in group С and in group 
NH. 


Family Study. The distribution of HLAs was in- 
vestigated in two families. All three patients in 
family 1 had the haplotype of HLA-A31-Cw3- 
Bw61-DR4, while three healthy family members 


TABLE 4. SUBDIVISION BY HEALING AND HLA TYPE 


Group NH Group H 
n=9 (n = 40) 
No. AF(%) No. AF(%) RR x? p 
Bw67 3 33.3 2 5.0 9.50 10.30 .005 
Cw7 5 55.6 6 15.0 7.08 11.60 .001 
DRw52 2 22.0 23 91.9 0.21 5.49 .025 
Group NH — nonhealed group, group H — healed group. 


TABLE 5. SUBDIVISION BY GENETIC AND NONGENETIC 
GROUPING AND HLA TYPE 


Group G Group N 


(n = 19) (n = 72) 
No. AF(9?) No. АЕ(%) RR x? p 


Bw55 4 21.1 1 1.4 19.47 19.10 .001 


Bw62 0 0.0 15 20.3 0.10 6.20 .025 
Bw67 + 2].1 + 5.4 4.67 8.19 .010 


Group G — genetic-suspected group. group N — nongenetic group. 


did not have this haplotype (see Figure). No haplo- 
type association was detected in two patients and 
four healthy persons from family 2. 


DISCUSSION 


Since the HLA system on the short arm of the 
sixth chromosome was found to determine a predis- 
position for certain diseases, many diseases have 
been reported to be associated with specific HLAs. 
Ankylosing spondylitis now is well known to be 
closely correlated with HLA-B27,° and the existence 
of the latter is one of the criteria used to diagnose 
the disease. 


Only a few papers have mentioned the relation- 
ship between the distribution of HLAs and Bell’s 
palsy. Kawade et al* found a significantly increased 
frequency of B5 (B51 and Bw52) antigens in Bell’s 
palsy patients. Smith et al,’ on the other hand, 
reported no association between HLAs and the dis- 
ease. However, they did not exclude a correlation 
and suggested the necessity of investigating sub- 
groups of the palsy by using different antigens from 
those they studied or of performing family studies. 
In this study, therefore, the authors classified the 
patients with Bell's palsy into subgroups and inves- 
tigated the relationship between HLA typing and 
these subgroups. 


The present study showed a significant increase 
in HLA-Bw67 and Смт antigens in patients with 
Ве! palsy, and the patients with these antigens 
tended to be nonhealed. These two antigens were 
not tested in Smith's study. In addition, patients 
with the association of these two antigens (the hap- 
lotype) were inclined to be less healed than those 
with only one of the above two antigens. Patients 
with Bw55-HLA or Bw67 tended to have specific 
clinical courses, including recurrent or bilateral oc- 
currence of the palsy. Familial Bell's palsy was 
linked with an HLA haplotype (HLA-A31-Cw3- 
Bw61-DR4) in one of two families investigated. 


TABLE 6. SUBDIVISION BY SPECIFIC AND NONSPECIFIC 
PALSY AND HLA TYPE 


Specific Type Nonspecific 
(n = 13) Type (n = 80) 
No. AF(%) No. AF(%) RR x? p 
4 30.8 1 1.3 35.11 32.08 .001 
3 5 6.3 4.50 7.23 .010 
Cw4 3 23.1 6 1.5 3.70 5.61 .025 
2 2 2.5 7.09 7.69 .010 
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Family 1. Study and haplotype. B — patient with palsy; 
these three patients had haplotype HLA-A31-Cw3-Bw61- 
DE4. ж — healthy persons tested; these three persons did 
по: have above haplotype. 


Ir summarizing the above results, the hypothesis 
may be postulated that some HLAs or genes on the 


short arm of the sixth chromosome control the oc- 
currerce and clinical course of Bell's palsy. In cases 
of the association of these genes with certain HLAs, 
Bell’s palsy may have specific clinical courses. 
When they are associated with Cw7, the prognosis 
is poor. When they are associated with Bw55, the 
palsy often recurs unilaterally or bilaterally, and 
when they are associated with Bw67, the prognosis 
is poor and the palsy often recurs. 


Further studies of HLAs will help us not only to 
elucidate the predisposition for the occurrence of 
Bell’s pelsy, but also to predict the specific clinical 
course and prognosis. 
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TOPODIAGNOSIS OF LESIONS IN BELL'S PALSY 
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Combined measurements of reflexive lacrimation, stapedial reflex, and electrically induced taste give an indication of the site and ex- 
tent of intratemporal lesions of the facial nerve. Using refined test batteries, we established the presence of intratemporal lesions in Bell's 
palsy in 80 patients with facial paralysis. In the acute stage of Bell's palsy, suprastapedial lesions predominated and the occurrence of a 
suprageniculate lesion was not rare. In the subacute stage, the lesions proximal to the stapedial nerve tended to subside and infrastapedial 
lesions increased. In 60% of 53 patients with denervation verified by electrodiagnostic examinations, the suprastapedial lesion was respon- 
sible for degeneration of the nerve. In the other 40% , degeneration involved the infrastapedial segment. 


KEY WORDS — Bell's palsy, facial nerve lesions, topodiagnosis. 


INTRODUCTION 


In the pioneering era of facial nerve surgery, it 
was accepted that the lesion of the facial nerve in 
Bell's palsy, mainly neural edema, is located in the 
mastoid segment of the facial nerve just above the 
stylomastoid foramen.'^ On exploring the laby- 
rinthine and meatal segment of the facial nerve, 
Fisch? believes that the responsible lesion in Bell's 
palsy is located around the entrance of the facial 
canal at the fundus of the internal auditory meatus, 
where the facial nerve is strangulated as in a bottle- 
neck. He emphasized that the bottle neck phenome- 
non is prominent in acute stages of Bell's palsy. 
Although his surgical finding seems to be conclu- 
sive, no evidence has been obtained to answer the 
following questions pertaining to Bell's palsy in gen- 
eral. Is the lesion around the meatal foramen specif- 
ic to all cases of Bell's palsy? Is the intratemporal 
facial nerve peripheral to the meatal foramen free 
from the disease process? How does the lesion heal 
in the course of Bell’s palsy? 


Kristensen,* Jepsen,? and Kristensen and Zils- 
torff* proposed locating lesions of the facial nerve 
by the topodiagnostic method, on the basis of ob- 
jective measurements of the function of three im- 
portant branchings of the intratemporal facial 
nerve. Because the measuring methods were not ful- 
ly reliable at the time of their studies, their results 
may not always be dependable. In addition, lack of 
understanding of the pathophysiology of Bell's palsy 
made judgment of lesions difficult. This disadvan- 
tage has limited the clinical value of the topodiag- 
nostic method. Because of better testing methods 
and accumulated experience with over 1,000 pa- 
tients having facial palsies of various causes in the 
last 10 years, the reliability of topodiagnosis has 
been greatly improved. To the extent the results of 
tests are consistent and reliable, the lesions thus de- 





termined are thought to indicate the disease process 
accurately. 


To explore the above questions, this paper dis- 
cusses intratemporal lesions of the facial nerve in 
Bell's palsy on the basis of the results of topodiag- 
nostic examinations of 80 carefully selected pa- 
tients. 


MATERIALS AND METHODS 


The Figure shows the main branchings of the 
facial nerve that are important for the topodiagno- 
sis of intratemporal facial palsy. The functional 
status of the greater superficial petrosal nerve, the 
stapedial nerve, and the chorda tympani correlates 
with the site of the lesions, categorized as supra- 
geniculate (SG), infrageniculate-suprastapedial 
(IG-SS), infrastapedial-suprachordal (IS-SC), or in- 
frachordal (IC). The function of the greater superfi- 
cial petrosal nerve can be evaluated by measuring 
reflexive lacrimation. We use the fine thread devel- 
oped by Kurihashi’ for this purpose, which is more 
accurate for estimation of reflexive lacrimation 
than the conventional Schirmer's test? using a strip 
of filter paper. The stapedial nerve function can be 
measured by impedance audiometry: the imped- 
ance audiometer registers stapedial reflexes elicited 
by acoustic stimuli given to the contralateral ear. 
The gustatory function of the anterior two thirds of 
the tongue represents the functional status of the 
chorda tympani. Electrogustometry as developed 
by Tomita et al? is useful for measurement of the 
threshold of electrically induced taste. 


Lesions of the intratemporal facial nerve are de- 
termined on the basis of the results of the above 
three examinations. Typical findings corresponding 
to each lesion are given in Table 1. The principle of 
topodiagnosis is based on the assumption that all 
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Main branchings of facial nerve and sites of lesions in in- 
tratemporal facial palsy. 1 — greater auricular nerve, 2 — 
stapedial branch, 3 — chorda tympani. 


branchings of the facial nerve peripheral to the le- 
sion are paralyzed at the same time. This means 
that the functions of the nerves peripheral to the le- 
sion are lost but those proximal to the lesion remain. 
Topodiagnosis clearly can be performed only in pa- 
tients with total facial palsy. 


There were 133 patients (21.396) with total facial 
palsy in our series of 625 patients with Bell’s palsy. 
We obtained reliable findings relevant to each of 
four lesions in 80 of 133 patients (60.2%) with total 
facial palsy. In the rest of the patients, the lesion 
was undetermined because of one of the following 
reasons: l) examinations could not be performed 
because of lack of cooperation of the patient; 2) 
results were unreliable because of local problems of 
the ear, eve, and tongue; or 3) the results of the 
three examinations were incompatible. 


To elucidate the relationship between denerva- 
tion and the lesion, nerve excitability tests and 
evoked electromyographic studies of the orbicularis 
oris and oculi muscles were carried out on all pa- 
tients. 





TABLE 1. TOPODIAGNOSIS OF INTRATEMPORAL 
FACIAL NERVE PALSY BY RESULTS OF THREE TESTS 


Loss of 
Decrease in Stapedial 

Site of mesion Lacrimation Reflex Ageusia 
Suprageniculate + + + 
Infragenic ulate- 

suprastapedial — + + 
Infrastapedial- 

suprechordal — = + 
Infrach»r lal -— - — 


RESULTS 


The &) patients with Bell's palsy were divided in- 
to three groups according to timing of the examina- 
tion. In group A, lesions were determined within a 
week after the onset, in group B, in the second 
week, aad in group C, between the third week and 
fourth raonth. Table 2 shows the incidence of d:s- 
crete Esions in each group. In group A, IG-SS le- 
sions predominated overwhelmingly. In group B, 
the ine dence of SG, IS-SC, and IC lesions in- 
creased In group C, SG and IG-SS lesions ce- 
creased compared to group А while IS-SC and IC 
lesions ncreased. Differences in their frequencies 
proved statistically significant at a 5% significance 
level using the X? test. The frequency of a lesion 
proximel to the stapedial nerve was 96% in group 
A, 78% in group B, and 59% in group C; that of a 
lesion d stal to the stapedial nerve was 4% in group 
A, 22% in group B, and 41% in group C. The dif- 
ferences in these values are statistically significant 
at a 1% level of significance. 


Using nerve excitability tests and evoked electro- 
myogra»hic studies of the orbicularis oris and oculi 
muscles, we proved denervation of the facial nerve 
of various degrees in 53 of 80 patients. In these pa- 
tients. the lesions were divided into two categories, 
suprastapedial and infrastapedial lesions. Table 3 
shows tae relationship between the time since onset 
of the сіѕеаѕе and the level of the lesion in patients 
with severe denervation. Within 1 month, the su- 
prastap2dial lesions predominated. After 1 month, 
the frecuency of the suprastapedial lesions and that 
of infrastapedial lesions reversed. That 61% of the 
patients had the lesion distal to the stapedial nerve 
after | month indicates that the mastoid portion of 
the facial nerve remained denervated in the majori- 
ty of petients, and that the suprastapedial portion 
regained neural function without axonal degenera- 
tion. In the other patients (39%), axonal degenera- 


TABLE 2. SITE OF LESION AND TIMING OF EXAMINATION 


Site of Lesion Group A 
Suprageniculate 3 ( 12%) 
Infrageniculate-suprastapedial 2] ( 84%) 
Infrastapedial-suprachordal 0 

Infrachordal 1( 49) 
Total 25 (100%) 


Grosp B Group C Total 

5 ( 22%) K- ( 3%) 9 (119%) 

13 ( 56%) 8 ( 56%) 52 ( 65%) 

24 9%) 5 ( 16%) 7 ( 9%) 

3 ( 13%) 8 ( 25%) 12 ( 15%) 

23 (300%) 32 (100%) 80 (100%) 
ks. 


Group А — examination performed within 1 week of onset, group B — 1 to 2 weeks, *roup C — more than З wee 
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TABLE 3. SITE OF LESION AND TIMING OF 
EXAMINATION IN PATIENTS WITH DENERVATION 


Within Later Than 
Site of Lesion 1 mo 1 mo Total 
Suprastapedial * 19 ( 95%) 13 ( 39%) 32 ( 60%) 
Infrastapedial 1( 59) 20( 61%) 21 ( 40%) 
Total 20 (100%) 33 (100%) 53 (100%) 


*Includes suprageniculate and infrageniculate-suprastapedial lesions. 
tIncludes infrastapedial-suprachordal and infrachordal lesions. 


tion is thought to include the suprastapedial portion 
of the facial nerve. 


DISCUSSION 


The present study indicates that lesions in the 
acute stage of Bell’s palsy involve, in the first place, 
the suprastapedial portion of the facial nerve in 
most patients and that the lesions often extend to 
the suprageniculate portion. The results support the 
observation of Fisch? mentioned above. Regardless 
of whether it is due to viral infection or circulatory 
disturbance, edema of the facial nerve proximal to 
the stapedial nerve may take place and cause facial 
palsy. It is assumed that intraneural pressure is 
elevated because of edema of the nerve in the su- 
prastapedial portion, which may propagate toward 
the internal auditory meatus. Therefore, an intra- 
neural pressure gradient, high in the facial canal 
and low in the internal auditory meatus, may occur 
at the meatal foramen, where the facial canal nar- 
rows and looks like a bottleneck. Lowering of the 
intraneural pressure results from extension of swell- 
ing of the nerve from the meatal foramen to the in- 
ternal auditory meatus. 


The present results also indicate that extension of 
the lesion continues proximally and distally in the 
second week and that almost the entire segment of 
the intratemporal facial nerve is involved during 
the acute stage of Bell’s palsy. In the subacute stage, 
the lesion proximal to the stapedial nerve gradually 
subsides and nerve function in this area begins to be 
restored in many patients, while the lesion distal to 


the stapedial nerve remains and facial palsy con- 
tinues. This finding agrees with the temporal bone 
histopathologic studies of Fowler,'^ Proctor et ай,” 
Podvinec et al? and O'Donoghue and Michaels." 


Advances in electrodiagnosis have made possible 
early detection of denervation and improved prog- 
nostic evaluation of intratemporal facial palsy. 
Yanagihara and Kishimoto'^ found denervation in 
Bell's palsy to be complete usually within 2 weeks. 
However, it remains unknown where the lesion re- 
sponsible for denervation is located. The present re- 
sults indicate that the suprastapedial lesion is re- 
sponsible for denervation in 60% of patients and 
the infrastapedial lesion in the other 40%. Once 
denervation takes place in the suprastapedial lesion, 
it advances toward the periphery and involves the 
infrastapedial segment. Therefore, the facial nerve 
undergoes denervation along the entire intratem- 
poral segment. In either case, the nerve in the 
mastoid portion undergoes degeneration, and swell- 
ing remains for 2 or 3 months after onset. 


During decompression operations, many pioneer- 
ing facial nerve surgeons found pathologic changes 
such as edema or redness in most instances of Bell's 
palsy occurring in the mastoid course of the nerve, 
between the horizontal semicircular canal and the 
stylomastoid foramen. Since their operations were 
conducted about 2 months after onset, their de- 
scriptions coincide with the results of the present 
study. In this regard, Schuknecht" described in- 
teresting histopathologic findings from a 77-year- 
old woman who died 10 years after the onset of 
Bell’s palsy, from which she partly recovered. Par- 
tial loss of the motor fibers began in the internal au- 
ditory canal and became progressively more severe 
toward the distal part of the mastoid segment. 


The above considerations we believe demonstrate 
again the importance of the mastoid portion of the 
facial nerve in Bell’s palsy. This portion seems 
vulnerable in Bell’s palsy and to be the key area on 
which the prognosis of the palsy is dependent. 
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NEUTRALIZATION ANTIBODY TO HERPES SIMPLEX VIRUS 
TYPE 1 IN BELL’S PALSY 
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In 45 patients with Bell’s palsy of recent onset, the neutralization antibody titers to herpes simplex virus type 1 (HSV-1) were assayed 
by a microtiter technique. As a control, the neutralization antibody titers of 50 normal subject were assayed. Complement fixation tests 
also were performed. The geometric means of the neutralization antibody titers of the patients appeared higher at all times than those of 
the normal subjects. Significant change in the neutralization antibody titer suggesting a recent infection of HSV-1 was seen in seven pa- 
tients (15.6%), while the complement fixation test demonstrated significant change in only one patient (2.2%). The higher geometric 
means of the neutralization antibody titers in the patients was thought to indicate that reactivation of the HSV-1 infection was responsible 


for the onset of Bell’s palsy. 


KEY WORDS — Bell’s palsy, facial palsy, herpes simplex virus type 1, neutralization test. 


Although the cause of Bell’s palsy has remained 
controversial, viral infection, particularly reactiva- 
tion of herpes simplex virus type 1 (HSV-1) infec- 
tion, has been widely accepted as a possible cause of 
Bell’s palsy. The viral hypothesis is an attractive 
theory, but as yet is unverified. A number of sero- 
logic studies have failed to confirm decisively an 
association between HSV-1 infection and Bell’s pal- 
sy. We hypothesized that the disagreement might 
be attributable to the poor specificity and sensitivity 
of the complement fixation (CF) test used in the 
previous investigations. In this regard, we first at- 
tempted to utilize a neutralization test (NT), a 
method that detects neutralization antibody. Neu- 
tralization tests are generally believed to be more 
specific and sensitive in detecting viral infections. 
Compared with the previous CF studies, the NT 
study was expected to yield more convincing evi- 
dence that HSV-1 infection was associated with the 
onset of Bell’s palsy. 


MATERIALS AND METHODS 


Forty-five patients with Bell’s palsy were the sub- 
jects of the present investigation. All patients con- 
sulted us within 1 week after the onset of their facial 
palsies and were followed up until facial movement 
was restored. These patients consisted of 20 males 
and 25 females ranging from 11 to 77 years of age, 
with average ages of 47.5 and 43.8 years, respec- 
tively (Table 1). 


Four serum samples were obtained from each pa- 
tient. The first sample was obtained at the first ex- 
amination, the second 2 weeks later, the third 4 
weeks later, and the fourth 8 weeks later. These 
samples were stored at —20°C until testing. The 
antibodies to HSV-1 were assayed by both CF and 
NT by the microtiter method.'? As the normal con- 


trol, serum samples were obtained from 50 healthy 
subjects whose age distribution was matched roughly 
to that of the patient group, as shown in Table 1. 


In the NT, HSV-1 strain of KOS (10° ®TCID50/ 
mL) was used as the antigen. This strain was culti- 
vated at the Ehime Prefectural Institute of Public 
Health in Japan. The serum sample was inactivated 
by keeping it in water at 37°C for 30 minutes and 
diluting it with minimum essential medium (MEM) 
to a fourth concentration. Then, as shown in Fig 1, 
it was treated as follows. At first the serum sample 
was doubly diluted with MEM and a serial dilution 
line from four to 512 times was made using transfer 
plates, to which 25 „L of solution containing 
100TCID50 of HSV-1 in 0.1 mL of MEM had been 
added. Next, 25 nL of mouse serum diluted to a 
20th concentration was added as a complement to 
assay the complement-requiring neutralization an- 
tibody. After incubating at 37°С for 30 minutes for 
neutralization, these mixtures were transferred to 
the wells of microplates on which a layer of Vero 
cells had been sheeted. The microplates were then 
incubated at 37?C for 4 days in a carbon dioxide in- 
cubator. In the absence of neutralization antibody 


TABLE 1. AGE DISTRIBUTION OF PATIENTS 
AND CONTROL SUBJECTS 


Bell's Palsy 

Age (yr) Male Female Total (%) Control ( 96) 
10-19 2 3 5 (11.1) 1 ( 2) 
20-29 3 5 8 (17.8) 11 ( 22) 
30-39 З 4 7 ( 15.6) 10 ( 20) 
40-49 3 2 5 (11.1) 8 ( 16) 
50-59 4 4 8 (17.8) 11 ( 22) 
60-69 3 4 7 ( 15.6) 7 (14) 
70-79 2 3 S {LLI 2 ( 4) 
Total 20 25 45 (100.0) 50 (100) 
Average 471.5 43.8 45.7 40.3 


From the Department of Otolaryngology, Ehime University School of Medicine, Ehime, Japan. 
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Transfer plates 


Times of dilution 52 256 128 64 32 16 8 4 


Medium (MEM) 25 ul 


ASA DA DA Е е t 
Inactivated serum à: 


(diluted in 1:4) 
HSV- I 


(00TCID50/0.1m) 2941 — 7 * * + 4 + 4 2 
Complement E 
(diluted in 1:20) 25 ul + * + + + d + 
; M | 
Fig 1. Method of neutralization test. — б а 
| 


Microplates with 
Vero cell layer —* 


Cytopathic effect 


to HSV-1 in the serum sample, HSV-1 remained 
alive, and cytopathic effect to the Vero cells could 
be seen under a light microscope. The highest value 
of cilution where no cytopathic effect was seen was 
determined. In the four serum samples obtained 
from a patient, a difference in the antibody titer of 
fou-fold or more was considered significant. A 
sigrificant difference indicated a recent HSV-1 in- 
fection. 


Using the conventional microtiter method, CF 
was also performed i in all the samples obtained from 
the patients. As in the NT, a difference in the an- 
tibedy titer of fourfold or more was thought to be 
sigrificant. 


RESULTS 


The geometric means of the neutralization an- 
tibody titers with a range of 1 SD in the patients 


256 


128 


Antibody titer 


N-50 





Bells Palsy N=45 


Oindicates geometric mean value 
Bar indicates range of one standard deviation 


Fig 2. Geometric means of neutralization antibody titers in 
patients and normal control subjects. 


Transfer to pia cell 


кҥҥ 


Incubation ; 4 days 


тшш 


bim titer 


and tae normal subjects are shown in Fig 2. The 
geomet-ic mean values in the patients were higher 
than those of the normal subjects at all of the testing 
interval. However, the differences between these 
values of the patients and those of the normal con- 
trol sabjects were not statistically significant be- 
cause d` large standard deviations. 


Sigaizicant changes in the antibody titer were 
seen m seven patients (15.6%) and the data for 
these oztients are shown in Table 2. In four patients 
a sigrificant increase in the antibody titer is seen. 
Three patients showed a significant decrease in the 
antibecy titer. The increase in the antibody titer in 
the farmer group is self-explanatory. In the latter 
group, the neutralization antibodies were thought 
to be consumed not only for neutralization of the 
virus particles but also for destruction of the in- 
fectec cells with antibody-dependent cellular cyto- 
toxici y. 


By CF, a significant change in HSV-1 antibody 
titer suzgesting an HSV-1 infection of recent onset 
was confirmed in only one patient (2.2%). Results 
of the NT were also positive in this patient. 


DISCUSSION 
Tem oral bone histopathologic studies in Bell's 
palsy have revealed inflammatory changes with 


ТАВІ 5 2. PATIENTS SHOWING SIGNIFICANT CHANGE 
IN JEUTRALIZATION ANTIBODY TITER TO HSV-1 


Case Age Ist 2nd 3rd 4th 

No. (yr) Sex Exam Exam Exam Exam 
1 27 F 64 16 32 32 
2 54 М 16 64 128 32 
3* 76 F 64 16 32 64 
4 56 F 32 64 64 128 
5 48 F 64 64 128 512 
6 49 F 32 64 64 128 
7 61 F 512 128 256 ND 


*In this case, complement fixation test also showed significant change. 
ND — not done. 
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TABLE 3. RESULTS OF REPORTED SEROLOGIC EXAMINATIONS OF HSV-1 IN BELL'S PALSY 


No. and % o 
Patients Wit 

Author Year Method of Examination Number of Subjects Significant Result 
Tomita et al* 1972 CF 44 (Bell’s palsy) 3 ( 6.8%) 
Korczyn et al? 1973 CF 150 (Bell’s palsy) 0 (0.0%) 
Juji et al'? 1974 CF 143 (Bell's palsy) 0 (0.0%) 
Adour et al'''? 1975 CF 41 (Bell’s palsy) 0 ( 0.0%) 
1978 CF 41 (Bell’s palsy) 0 ( 0.0%) 
Djupesland et al? '* 1975 CF 33 (Bell's palsy) ] ( 3.0%) 
1976 CF 51 (Bell's palsy) ] ( 2.0%) 
Berg et al? 1976 CF 33 (Bell’s palsy) 0 ( 0.0%) 
Mori et al'5? 1977 CF 129 (Bell's palsy) 11 ( 8.5%) 
1979 СЕ 129 (Bell's palsy) 11 ( 8.5%) 
Saito et al'* 1977 CF 251 (Bell's palsy) 22 ( 8.6%) 
Gotlieb-Stematsly et al'? 1978 CF 4 (Bell's palsy) 1 (25.0%) 
Muto?? 1980 CF 67 (Bell’s palsy) 3 ( 4.5%) 
Tovi et al?! 1980 ELISA 70 (APFP) 1 ( 1.4%) 
Mees et al?? 1981 ELISA 14 (Bell’s palsy) 0 (0.0%) 
Vahlne et al? 1981 CF 81 (Bell's palsy) 5 ( 6.2%) 
Mertens et al?* 1982 CF 32 (APFP) 2 ( 6.3%) 
Hadar et а]? 1983 IPAMA 153 (APFP) 0 (0.0%) 
Jamal and Al-Husini?* 1983 HI 28 (Bell's palsy) 0 (0.0%) 
Mair and Traavik? 1983 CF 88 (APFP) 0 ( 0.0%) 
Traavik et al?* 1983 CF 65 (APFP) 0 (0.0%) 
Honda et al?? 1985 CF 80 (Bell's palsy) 101.89) 


CF — complement fixation test, ELISA — enzyme-linked immunosorbent assay, APFP — acute peripheral facial palsy including Bell's palsy and Ram- 
say Hunt syndrome, IPAMA — immunoperoxidase antibody- membrane antigen technique, HI — hemagglutination-inhibition test. 


lymphocytic infiltration in the intratemporal facial 
nerve.** This has supported a viral origin of Bell’s 
palsy. In order to prove the viral origin, however, 
the virus must be identified directly in the facial 
nerve. Mulkens et al? attempted to isolate the virus 
from specimens of epineurium taken from two pa- 
tients during decompression surgery. They were 
successful in cultivating HSV-1 from one of the pa- 
tients. It is regrettable that their investigation is not 
repeatable because the details of their investigation- 
al method were not described. Palva et а], on the 
other hand, failed to isolate the virus by cultivating 
a piece of neural tissue removed from the area of the 
geniculate ganglion during decompression surgery. 
Accordingly, direct proof of virus remains a goal of 
future investigation. 


Serum antibodies to HSV-1 have been assayed re- 
peatedly by CF since McCormick’ first proposed the 
viral hypothesis in 1972. As HSV-1 is a common in- 
fectious agent, individuals having high antibody 
titers attributable to a previous infection are fre- 
quently identifiable by conventional CF. Mere high 
antibody titer, therefore, is not necessarily in- 
dicative of recent infection of HSV-1. To verify the 
association of HSV-1 infection with the onset of 
Bell’s palsy, it is necessary to prove significant 
change in the antibody titer in sera obtained serially 
at appropriate intervals. In Table 3,*-?° the results 
of the reported serologic studies are summarized. 
The Table indicates that the incidence of patients 


showing a significant change in the antibody titer to 
HSV-1 in the paired sera has ranged from 0% to 
9% . From these data no conclusion can be drawn as 
to the viral origin of Bell’s palsy. We thought that 
poor specificity and sensitivity of CF had under- 
estimated the extent of the association between 
HSV-1 infection and Bell's palsy. In this respect, the 
NT test is more reliable, albeit technically complex. 


A review of the literature revealed that no one 
had used the NT to study the possible viral origin of 
Bell's palsy. In our study, the NT revealed signifi- 
cant changes in HSV-1 antibody titer in seven pa- 
tients among the 45 (15.6%), which is the highest 
incidence ever reported, while CF was positive for 
only one patient (2.2%). The result indicates re- 
liability of the NT and presents confirmative evi- 
dence that HSV-1 infection is associated with the 
onset of Bell’s palsy in some patients. 


Herpes simplex virus type 1 has an interesting 
biologic characteristic in that it produces not only 
an acute but also a persistent latent infection. Fol- 
lowing primary acute infection, the virus persists in 
latent fashion for prolonged periods in sensory 
ganglia. The virus can be activated and cause a neu- 
ral inflammation when susceptibility of the host is 
increased. It is reasonable to assume that the reacti- 
vation of HSV-1 is a causative mechanism of Bell's 
palsy. Neither CF nor NT can confirm whether the 
reactivation of latent infection of the HSV-1 or the 
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primary infection triggers the onset of Bell's palsy. 
The study of IgM antibody specific to HSV-1 re- 
vealed tha: there were patients with Bell's palsy 
having both specific IgM antibody to HSV-1 and 
neutralization antibody titer. We also found that 
the neutralization antibody titer was derived main- 
ly from the IgG antibody specific to HSV-1. Immu- 
noglobulin M antibody is produced in the initial 
phase of the primary infection, and then an increase 
in IgG antibody follows. In the present investiga- 


tion, the geometric mean of the neutralization anti- 
body n the patients appeared to be higher than in 
the nermal subjects at all the periods tested. Since 
the dtference between the two geometric means 
was satistically insignificant, it is premature to 
draw conclusions. However, the above considera- 
tions, including the preliminary results of specific 
IgM and IgG studies, support the concept that the 
reactivation of a latent infection of HSV-1 is posi- 
tively associated with the onset of Bell’s palsy. 
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FACIAL NERVE BIOPSY FOR ETIOLOGIC CLARIFICATION 
OF BELL'5 PALSY 
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Electron microscopic findings of biopsy specimens of the intratemporal facial nerve from four selected patients with Bell’s palsy are 
described, and the results of clinical examinations and surgical findings are presented. In all specimens, wallerian degeneration of various 
degrees was demonstrated. In one specimen, extravascular erythrocytes, and in another, lymphatic infiltrations were noted. On the basis of 
the present investigation and reported temporal bone histopathologic evidence, the causes of Bell’s palsy are concluded to be multiple and 


to be vascular, inflammatory, or degenerative. 


KEY WORDS — Bell’s palsy, facial nerve biopsy, histopathology of Bell’s palsy. 


Restrictions on obtaining histopathologic speci- 
mens of the facial nerve have made clarification of 
the cause of Bell’s palsy extremely difficult. Histo- 
pathologic studies have been made on the surgically 
resected chorda tympani’? and greater petrosal 
nerve,’ but no dependable findings indicating the 
cause of Bell’s palsy are available. One of the 
authors (J.L.P.) developed a technique to excise a 
tiny biopsy specimen of the facial nerve during 
decompression surgery without disturbing the res- 
toration of facial motor function.* An electron mi- 
croscopic study of the specimen provided valuable 
information on the histopathology and grade of 
neural damage of the facial nerve in Bell’s palsy. 
This paper describes representative ultrastructural 
findings in four selected cases and discusses their 
significance for clarifying the cause of Bell’s palsy. 


MATERIAL AND METHOD 


A nerve filament was taken from the facial nerve 
during a decompression operation. The specimen 
was immediately fixed in 0.2 mol/L cacodylate buf- 
fered 2% glutaraldehyde (pH 7.3). After being 
rinsed in cacodylate buffer for 1 hour, it was again 
fixed for 2 hours in 1% osmium tetroxide at 4°C. 
This was followed by dehydration with acetone, 
embedding in Vestpal-W, and sectioning with a mi- 
crotome (LKB Ultratome 8801A). The preparation 
was stained once with uranyl acetate and once with 
lead citrate. Electron microscopes, Hitachi HS-8 
(50 kV) and JEM-11S (80 kV), were used for obser- 


vation. 


In our four cases, the diagnosis of Bell’s palsy was 
made because there were no abnormalities related 
to facial palsy on the following examinations: 1) 


physical examination of ears, nose, and throat, 2) 
audiometric examination for pure tone and speech, 
3) vestibular function studies, and 4) conventional 
temporal bone radiography. For evaluation of the 
facial nerve disorder, the nerve excitability test and 
topodiagnostic examinations, including Schirmer’s 
test,? stapedial reflex test, and electrogustometry, 
were carried out. The results of the topodiagnostic 
tests are summarized in Table 1.5 Based on the re- 
sults of the above examinations and clinical consid- 
erations, the decompression operation was per- 
formed by one of the authors (J.L.P.). 


CASE REPORTS 


Case 1. A 13-year-old girl was seen on Feb 8, 
1982, with a history of a sudden onset of left facial 
paralysis 9 days earlier. Physical examination re- 
vealed complete left-sided facial paralysis. On the 
left side, there was an elevation of the threshold in 
the nerve excitability test. Topodiagnostic testing 
indicated a suprastapedial lesion. 


On Feb 9, 1982, 10 days after the onset of paraly- 
sis, left facial nerve decompression from the stylo- 
mastoid foramen to the geniculate ganglion was 
performed by the transmastoid approach with gen- 
eral anesthesia. There was profound edema of the 
nerve from the anterior edge of the stapes to the sty- 
lomastoid foramen. Fascicles were excised from the 
posterior edge of the mastoid segment and the in- 
ferior edge of the tympanic segment. Within 3 
months, there was 80% recovery. 


Figure 1A shows an electron micrograph of a 
specimen taken from the mastoid portion. There 
were essentially normal nerve processes with patent 
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TABLE 1. RESULTS OF TOPODIAGNOSTIC TESTS 


Case Age Sex Threshold of Taste* 
1 13 Е Absent 
2 29 M Normal 
3 40 M Absent 
4 49 M Normal 


* Measured by e:ectrogustometry. 
f Measured by impedance audiometry. 
$ Меаѕигеа by Schirmer's method.* 


myelin sheath and attendant Schwann cells. In 
some processes obvious degeneration or loss of all 
axoplasm was apparent. Figure 1B shows an elec- 
tron micrograph of a specimen from the tympanic 
segment. The findings were similar to those in Fig 
1A, but with more advanced degeneration and 
much myelin debris. 


Disease of the facial nerve in this case represents 
wallerian degeneration characterized by axon 
degeneration and disappearance followed by sub- 
sequent myelin disintegration and myelin debris. 
That the tympanic segment underwent more severe 
injury than the mastoid segment correlated well 
with the topodiagnostic results indicating a supra- 
stapedial lesion. 


Case 2. A 29-year-old man was seen on Dec 4, 
1981, with a history of a sudden onset of right-sided 
facial paralysis more than 3 weeks previously. He 
had been treated with prednisone without notable 
effect. At the time of examination, there was total 
facial paralysis. A significant elevation of the 
threshold of nerve excitability indicated profound 
denervation. As shown in Table 1, a suprastapedial 
lesion was suggested. 


On Dec 8, 1981, 25 days after the onset of the pa- 
ralysis, right facial nerve decompression by the 
transmastoid approach was performed and the 
nerve was exposed from the stylomastoid foramen 
to the cochleariform process. There was moderate 
edema of the nerve seen from the superior edge of 
the stapes to the stylomastoid foramen. Specimens 
were taken from the posterior edge of the middle of 
the mastoid segment and from the inferior edge of 
the tympanic segment just superior to the stapes. 
Within 1 year 80% of the facial motor function was 
restored with 10% synkinesis. 


Figure 1C shows electron microscopic findings of 
the specimen taken from the mastoid portion. 
Highly degenerated myelinated nerve processes are 
apparent. No morphologically normal nerve pro- 
cesses, either myelinated or nonmyelinated, were 
detected. No viable Schwann cells were found, and 
the basal laminae were unpreserved. The matrix 
appeared to consist of cellular debris and amor- 
phous material. The specimen from the tympanic 
segment showed similar degenerative processes of 
the nerve. 


This case was a far-advanced degenerative neu- 


Stapedial Ве} ех] Tearing§ Suggested Topodiagnosis 
Absent Normal Suprastapedial 
Absent Normal Suprastapedial 
Absent Reduced Transgeniculate 
Normal Normal Infrachordal 


ropathy of almost the entire segment of the intra- 
temporal facial nerve. Findings of the tympanic 
segment correlated well with the topodiagnosis of 
supras' apedial lesion. 


Case 3. А 40-year-old man was seen on Feb 22, 
1986, з th a history of left-sided facial paralysis of 
sudden censet about 1 month previously. In 1977, he 
suffered from paralysis on the same side from which 
he reccvered completely within 4 weeks without se- 
quelae. Physical examination revealed complete 
left-siced facial paralysis. On the involved side, 
nerve exzitability was totally lost. A transgeniculate 
lesion “as suggested by topodiagnostic testing as 
shown :n Table 1. 


On *eb 25, 1986, 35 days after the onset of the 
palsy, eft facial nerve decompression by the trans- 
mastoid approach was carried out. The nerve was 
exposed from the stylomastoid foramen to the genic- 
ulate ganglion. When the nerve sheath was incised, 
severe зета from the stylomastoid foramen to the 
genicu ate ganglion was evident. One biopsy sam- 
ple wes taken at the middle of the tympanic seg- 
ment aad another at the middle of the mastoid seg- 
ment. An adequate follow-up has not been com- 
pleted. 


Figure 1D shows an electron micrograph of a 
specimen from the tympanic segment. There were 
many nerve cell processes showing loss of axoplasm 
and coi apse of the myelin sheath with severe bleb- 
bing amd delamination. The interstitium was ex- 
pandee and contained granular material and cell 
debris. їп some areas of other preparations, ex- 
travascular erythrocytes were present. The speci- 
men from the mastoid segment showed features 
similar to those of the tympanic segment. Erythro- 
cytes im the expanded interstitial space were some- 
what more abundant, but no large population of 
leukocytes was noted. A few small, nonmyelinated 
nerves were observed and appeared to be preserved. 


In addition to the advanced wallerian degenera- 
tion, extravascular erythrocytes suggested intraneu- 
ral bleecing possibly related to the facial palsy. The 
results cf the topodiagnostic tests correlated with 
the findings on the specimen from the tympanic seg- 
ment. The preserving nonmyelinated fiber indi- 
cated neural damage to be less than that in case 2. 


Case 4. A 42-year-old man was seen on Aug 31, 
1984, wath a history of right-sided facial paralysis of 
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Fig 1. Electron micrographs of specimens of facial nerve. A) 
(Case 1) From mastoid segment (original x6,000). Slight or 
moderate degree of degeneration is seen in many of myelinated 
nerve cell processes. Arrow — Schwann cell. B) (Case 1) From 
tympanic segment (original x6,000). Degeneration is more ad- 
vanced than in A. Delamination of Schwann tubes and bleb for- 
mation are common. C) (Case 2) From mastoid segment (origi- 
nal x6,000). Highly degenerated mvelinated nerve processes are 
seen. Arrow — cell debris. D) (Case 3) From tympanic segment 
(original x8,000). Highly degenerated myelinated nerve pro- 
cesses are seen. Delamination and bleb formation are common. 
Arrow — mitochondria. E) (Case 4). From chorda tympani 
(original x10,000). Nonmyelinated nerve cells are essentially un- 
remarkable. F) (Case 4) From mastoid segment (original 
x10,000). Inflammatory cells are seen. Arrow — histiocytelike 
cell. G) (Case 4) From tympanic segment (original x6,000). 
Both myelinated and nonmyelinated nerves are essentially unre- 
markable. Minor blebbing and collagen matrix are evident. 
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Fig 2. Surgical findings of facial nerve in Bell's palsy. (Reproduced with permission.*) A) Diffuse edema, more severe around 
geniculate ganglion as photographed 2 weeks after onset. B) Loca ized edema in tympanic segment with dilatation of capillaries as 
photographed 35 days after onset. C) Reddish swollen nerve in mastoid segment with capillary engorgement as photographed 20 
days after onset. D) Atrophy of nerve from geniculate ganglion to stylomastoic ёәгатеп with thickening of sheath as photographed 


60 davs after onset. 


sudden onset that had been treated with prednisone 
for 14 days. At the time of examination, there was 
complete right-sided facial paralysis. Nerve ex- 
citability testing showed no elevation of threshold. 
As shown in Table 1, an infrachordal lesion was 
suggested. 


On Sept 20, 1984, 50 days after the onset of the 
paralysis, right facial nerve decompression by the 
transmastoid approach was performed and the fa- 
cial nerve was explored from the stylomastoid fora- 
men to the geniculate ganglion. Swelling of the 
nerve with spotty intraneural hemorrhages was 
noted in the distal portion of the mastoid segment. 
Specimens were taken from the middle of the mas- 
toid segment and tympanic segment just superior to 
the cochleariform process. The chorda tympani was 
also excised. Within 2 weeks, 50% recovery was at- 
tained. 


Figure 1E shows electron microscopic findings 
for the chorda tympani. In the nonmyelinated 
nerve fibers, the structure was well preserved, 
whereas in the majority of myelinated nerve fibers, 
considerable blebbing and loss of axoplasm were 
seen. Figure 1F shows an electron micrograph of a 
specimen from the mastoid segment largely com- 
posed of a necrotic mass with surrounding inflam- 


matorv 2ells. No intact, well-preserved nerve cell 
processes were seen. А few myeloid inclusions were 
present, possibly indicating degenerative nerve cell 
processes. The inflammatory cells included large 
histiocytelike cells, lymphoid cells, and large num- 
bers of rlatelets at both vascular and extravascular 
sites. А matrix of some collagen and considerable 
cellulardebris were also noted. Figure 1G shows the 
findings for a specimen taken from the tympanic 
segment showing unremarkable myelinated and 
nonmyelinated nerve tissue supported by a fine con- 
nective tissue matrix. 


The irflammatory lesion confined to the mastoid 
segment was demonstrated clearly by facial nerve 
biopsy Location of the lesion correlated well with 
the results of topodiagnosis. The total facial palsy 
was atr butable to neurapraxia, because there was 
no loss ef nerve excitability. Function of the facial 
nerve was thought to be reversible despite the in- 
flammatory lesion. The decompression operation 
apparen-ly accelerated functional restoration of the 
facial nerve by eliminating compression due to the 
inflammatory lesion. This assumption was sup- 
ported by findings for the chorda tympani. Had the 
nerve been severely injured in the mastoid segment, 
a more profound degeneration of the chorda tym- 
pani would have been evident. 
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TABLE 2. REPORTED TEMPORAL BONE HISTOPATHOLOGIC FINDINGS IN BELL'S PALSY OF RECENT ONSET 





Days 
From 
Onset Systemic 
Age to Disease/Cause 
Authors Year (yr) Sex Side Death of Death 
Fowler’ 1963 60 M L 14 Hypertension, ar- 
teriosclerosis, aor- 
tic rupture 
Reddy et al® 1966 71 M R 17 Hypertension, 
hyperglycemia, 
renal cell carci- 
noma, pulmo- 
nary embolus 
Proctor et al? 1976 44 M L 13 Hypertension, 


sudden cardiac 
arrest after intu- 


bation 


Podvinec 1982 55 F L 195 


failure 
VER RUE 1985 88 F R 11 Cardiac failure 
an 
Michaels"? 
DISCUSSION 


One of the authors (N.Y.) found the following 
features of the facial nerve in the decompression 
operation: diffuse or localized edema (Fig 2A-C), 
redness of the nerve or capillary dilation (Fig 
2B,C), and atrophy of the nerve and thickening of 
the nerve sheath (Fig 2D).° These findings may 
reflect underlying histopathologic abnormalities in 
the facial nerve, possibly arising from factors such 
as the cause and the grade of damage and time of 
the operation. Without understanding the histo- 
pathologic abnormalities, the cause of Bell’s palsy 
cannot be elucidated, and consequently, controver- 
sy as to appropriate therapy will continue. The 
present four cases clearly demonstrate that a biopsy 
of the facial nerve in Bell’s palsy is a promising 
means for investigating the histopathology of the 
nerve. To solve the above fundamental problems 
pertinent to Bell’s palsy, further investigations by 
this method should be conducted. 


Rheumatic endo- 
et al!'? carditis, mitral 
stenosis, cardiac 


Histopathologic Findings 
on Facial Nerve 


Facial Nerve 
Function 


Familial palsy, total pal- 


sy, total denervation 


Facial nerve was surrounded by di- 
lated and engorged veins and venules. 
Myelin sheath and axon cylinder de- 
generation were apparent throughout 
nerve. Small fresh intraneural hemor- 
rhages, particularly fresh hemor- 
rhages in facial nerve in internal audi- 
tory meatus and labyrinthine segment, 
were observed. 


10% to 30% of facial nerve showed 
degeneration of myelin sheaths and 
axons with moderate increase in pha- 
gocytic cells. Increase of connective 
tissue in perineurium and prolifera- 
tion of endoneurium were apparent, 
particularly in mastoid portion where 
chorda tympani emerges. Nerve was 
almost completely surrounded by con- 
nective tissue, and degeneration of 
nerve was most severe in this area. 


Partial palsy 


Total facial palsy, ageu- 


Within facial nerve there was phago- 
sia, normal Schirmer 


cytosis of myelin by macrophages be- 
test results, electrical si- ginning with axonal swelling, in- 
lence on electromyogra- анон | cellularity due to lymphocytic 
phy infiltration, and moderate prolifera- 

tion of Schwann cells and тој 
Acute inflammatory changes were 
evident throughout entire nerve trunk 
with subsequent swelling and com- 
pression of vascular channels. These 
inflammatory changes were evident 
in chorda tympani as well as in main 
trunk of nerve. 


Partial denervation on Intensive perivascular infiltration con- 

electromyography sisting mainly of lymphocytes was 
noted in canalicular portion of main 
trunk. Thinning of myelin sheath and 
clustering of axons were noted. 


Total palsy, normal 


Geniculate ganglion showed marked 
Schirmer test results 


inflammatory infiltration by lympho- 
cytes. Descending portion showed 
swelling of myelin sheath and loss of 
some axon cylinders. 


An inevitable disadvantage of the biopsy is the 
smallness of the specimen, which limits the scope of 
investigation. This limitation can be minimized by 
supplementing biopsy with histopathologic findings 
in the temporal bone of patients with Bell's palsy. 


Table 27-'' summarizes the temporal bone histo- 
pathologic findings of the five cases reported in the 
last three decades. In all of them, wallerian degen- 
eration to varying degrees was noted. In addition, 
specific findings such as intraneural hemorrhage, 
lymphatic infiltration, or fibrosis also have been 
described. The findings of the present electron 
microscopic study of a biopsy specimen of the facial 
nerve indicate features that are quite similar to 
those described in Table 2. Although the grade of 
injury varied according to the case, wallerian de- 
generation was evident in all specimens of the 
nerve. Extravascular erythrocytes were noted in 
case 3 and lymphatic infiltration in case 4. Based on 
the results of the present investigation and reported 
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tenrporal bone histopathologic findings, the causes 


of Bell's palsy can reasonably be concluded to be 


тине and may be either vascular, inflammatory, 
or degenerative. 


REFERENCES 


l. Karatay S, Katircioglu S, Erbengi T. Ultrastructural in- 
vestization on the degenerative and regenerative processes in 
chorda tympani in Bell's paralysis. Acta Otolaryngol (Stockh) 
1976;81:304-14. 


2. May M, Schiaepfer WW. Bell's palsy and the chorda tym- 
pani nerve: a clinical and electron microscopic study. Laryngo- 
scope 1975;85:1957-75. 


3. Fisch U, Felix H. On the pathogenesis of Bell's palsy. Acta 
Otolaryngol (Stockh) 1983;95:532-8. 


4. Pulec JL. Early decompression of the facial nerve in Bell's 
palsy. Ann Otol Rhinol Laryngol 1981;90:570-7. 


9. Schirmer O. Studien zur Physiologie und Pathologie der 
Tránenabsonderung und Tránenabfuhr. Albrecht von Graefes. 
Arch Klin Exp Ophthalmol 1903;56:197-291. 


6. Yanagihara N. Intratemporal facial nerve paralysis — 


pathopaysiology and treatment. Ehime, Japan: Department of 
Otolar-nzology, Ehime University School of Medicine, 1986: 
43-58. 


7. ^owler EP Jr. The pathologic findings іп a case of facial 
paralyss. Trans Am Acad Ophthalmol Otolaryngol 1963;67:187- 
97. 


8. eddy JB, Liu J, Balshi S, Fisher J. Histopathology of 
Bell’s pal:y. Eye Ear Nose Throat Mon 1966;45:62-6. 


9. Prector В, Corgill DA, Proud С. The pathology of Bell's 
palsy. "rans Am Acad Ophthalmol Otolaryngol 1976;82:70-80. 


10. Fodvinec M, Ulrich J, Pfaltz CR. Neuropathologic findings 
in Bell’. palsy. In: Graham MD, House WF, eds. Disorders of the 
facial r=rve. New York: Raven Press, 1982:207-20. 


11. €" Donoghue GM, Michaels L. Histopathological aspect of 
Bell’s palsy. In: Portmann M, ed. Facial nerve. New York: Mas- 
son Pulli:zhing USA, 1985:248-52. 


ANNALS PUBLISHING COMPANY 
4507 LACLEDE AVENUE 
ST LOUIS, MISSOURI 63108 


COPYRIGHT 1988, ANNALS PUBLISHING COMPANY 


SUPPLEMENT 136 — NOV-DEC 1988 
Volume 97, Number 6, Part 2 


ELECTROMAGNETIC IMPLANTABLE MIDDLE EAR 
HEARING DEVICE OF THE OSSICULAR- 
STIMULATING TYPE: PRINCIPLES, 
DESIGNS, AND EXPERIMENTS 


ANTHONY J. MANIGLIA, MD 
WEN H. Ko, PHD 
RON X. ZHANG, EE 
SANFORD R. DOLGIN, MD 
MARY L. ROSENBAUM, MA 
FREDERICK W. MONTAGUE, JR, MS 


ANNALS 


ОЕ Көлгө көе 
КНІМОГОСҮ & 
LARYNGOLOGY 





ELECTROMAGNETIC IMPLANTABLE MIDDLE EAR 
HEARING DEVICE OF THE OSSICULAR- 
STIMULATING TYPE: PRINCIPLES, 
DESIGNS, AND EXPERIMENTS 


ANTHONY J. MANIGLIA, MD 
WEN H. Ko, PHD 
RON X. ZEANG, EE 
SANFORD R. DOLGIN, MD 
MARY L. ROSENBAUM, МА 
FREDERICK W. MONTAGUE, JR, MS 


ANNALS PUBLISHING COMPANY 
4507 LACLEDE AVENUE 
ST LOUIS, MISSOURI 63108 


COPYRIGHT 1988, ANNALS PUBLISHING COMPANY 


ELECTROMAGNETIC IMPLANTABLE MIDDLE EAR HEARING 
DEVICE OF THE OSSICULAR-STIMULATING TYPE*: 
PRINCIPLES, DESIGNS, AND EXPERIMENTS 


ANTHONY J. MANIGLIA, MD 
CLEVELAND, OHIO 
SANFORD В. DOLGIN, MD 


CLEVELAND, OHIO 


WEN H. Ko, PHD 
CLEVELAND, OHIO 
MARY L. ROSENBAUM, MA 


CLEVELAND, OHIO 


RON X. ZHANG, EE 
SHANDONG, PEOPLE’S REPUBLIC OF CHINA 
FREDERICK W. MONTAGUE, JR, MS 


CLEVELAND, OHIO 


This report analyzes the principles, describes designs, and discusses the advamtages and disadvantages of different types of implantable 
middle ear hearing devices. Preliminary acute experiments using an electromagnetic transducer for an implantable hearing device of the 
ossicular-stimulating type were performed in cats. A miniature samarium cobal rare earth magnet was cemented on the head of the 
stapes. An electromagnetic coil powered either by direct wiring or by telemetry was used to stimulate the stapes. The performance of the 
system was evaluated by electrophysiologic assessment of hearing (brain stem evoked response potentials). The findings showed that the 
device is functional with good "implant gain" (35 dB average) and consumes rease iably low current (0.6 mA) with telemetry. Further in- 


vestigation is necessary in order to develop an implantable middle ear hearing device with successful clinical application. 


KEY WORDS — conductive sensorineural hearing loss, electromagnetic im >lantable middle ear hearing device, laser technology, 


radio transmission, samarium cobalt, titanium. 


INTRODUCTION 


With the advent of the operating microscope in 
the 1950s, a newly born field of otologic micro- 
surgery emerged. The development of tympano- 
plasty and stapedectomy has led to the amelioration 
of many varieties of conductive hearing loss. Even 
some sensorineural hearing losses have been treated 
successfully with microsurgical techniques. 


Despite these surgical accomplishments, 20 mil- 
lion people in the United States still suffer from 
various degrees of hearing loss. While the vast ma- 
jority of this group are candidates for conventional 
hearing aid use, in reality approximately 15% be- 
come users of an amplification device, ostensibly 
because of such different factors as sound distor- 
tion, discomfort of fit, and cosmetic appearance. 
Hearing-impaired people number about one-half 
billion worldwide. 


While technologic advances in the conventional 
hearing aid industry have succeeded in miniaturiz- 
ing the components and improving the efficiency 
and gain of these devices, the conventional hearing 
aid still has problems to be solved. Limited fre- 
quency response range, distortion of sound, and 
feedback problems are drawbacks of the conven- 
tional hearing aid. A highly efficient, totally con- 
cealed conventional hearing aid is not available as 
yet. The idea of an implantable hearing aid is not 
new. Although none has been approved for wide 
clinical application, future advances in electronics 
may add this new surgical technique to the arma- 
mentarium of otology. 


LITERATURE REVIEW 


Voltz' in 1800 first introduced the concept of 
stimula-ing the ear electrically. Another landmark 
develcpment was the vacuum tube hearing aid, in- 
troduee in the late 1930s, which in turn was sup- 
planted in the 1950s by the transistor-operated 
systems АП conventional hearing aids now use 
transi-tors and integrated circuits that have served 
to improve frequency response, reduce size, lower 
harmczic distortion, and increase flexibility of fit as 
compared to their predecessors, yet perhaps not to 
the satisfaction of each potential user. Wilska? in 
1935 developed an experimental hearing device, an 
electrec ynamic vibrating system with a magnet end 
unit im е receiver attached to a wooden rod glued 
to the tympanic membrane of the patient. 


Othe- investigators designed systems intended to 
circumsent many of the problems of the conven- 
tional hearing aid. Rutschmann? in 1959 described 
auditor» stimulation by the use of alternating mag- 
netic ‘elds acting as permanent magnets fixed to 
the eardrum. In 1967, investigators at the Univer- 
sity o: Pittsburgh Department of Electrical Engi- 
neerimg designed the first implantable hearing 
device cf this type. A US patent was granted but no 
further animal or human research has been re- 
portec. Goode* in 1970 rekindled interest in im- 
plantebie hearing aids, and progress continued 
throug>out the 1970s in the work of Glorig et al,° 
Vernon et al,° and Fredrickson et al,” who explored 
the feasibility of different implantable systems. 


From the Department of Otolaryngology-Head and Neck Surgery (Maniglia, Dolgin. Rosenbaum), and the Electronics Design Center, Case Institute 
of Technology (Ko, Zhang, Montague), Case Western Reserve University, Clevelanc. “his work has been supported by grants from Prentiss Founda- 
tion, World OTOCONG Inc, and the National Institutes of Health BRSG A-C 649705. 

Additional copies of this publication are available from Anthony J. Maniglia, MD, 2774 Abington Rd, Cleveland, OH 44106, or may be purchased 
from Annals Publishing Company, 4507 Laclede Ave, St Louis, MO 63108. 
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In the 1980s, advances in technology furthered 
work on this concept. Yanagihara et а1*? and 
Suzuki et al,'?"' using a piezoelectric vibrator of 
bimorph design, published reports that described 
middle ear implants in animals and humans. 
Several of their patients have reported good am- 
plification and high fidelity of sound perception. 
Indeed, the efforts of the Japanese group constitute 
a major breakthrough in implantation devices and 
have stimulated other work in this field. 


Tjellstróm et al,'^'^ in Sweden from 1981 to 
1985, developed another variation of the implant- 
able device; this system uses a bone conduction 
"hearing aid" anchored directly to the temporal 
bone by an implanted titanium screw and abutment 
that exit to the surface percutaneously. While the 
incidence of infection has been very low in the im- 
planted subjects, the device has not been evaluated 
by different investigators in the United States. In 
1986, Hough et al? introduced a modification of 
this temporal bone stimulator for patients with 
bone conduction thresholds of 25 dB or better. In 
this device, the bone conduction vibrator is screwed 
into the temporal bone and no electronics are used 
except for a radio link magnetic coil to transmit the 
electric signal transcutaneously. An ear-level and a 
body-borne variant of this system have been pre- 
sented to date. The body-borne system, developed 
through Xomed Inc (Jacksonville, Fla), has been 
less accepted by patients, yet it provides about 10 
dB more gain than the ear-level device. Neither has 
been quite as efficient as the Tjellstróm implant, 
perhaps because they employ indirect coupling 
through radio frequency transmission rather than 
direct bone conduction stimulation. The Swedish 
device is applicable to patients with 45 dB or better 
bone conduction and a 60% or better speech dis- 
crimination score. 


Revisions of the electronic design may very well 
improve the efficiency of these bone conduction 
temporal bone stimulators. The Hough device has 
Food and Drug Administration approval and 
should receive considerable clinical application in 
the United States and abroad. The Tjellstróm im- 
plant is under evaluation for approval by the FDA. 


In 1987, Hough et al'5 reported оп an implant- 
able middle ear hearing device using electromag- 
netic principles applied to humans undergoing mid- 
dle ear surgery under local anesthesia. The device 
was functional although its electric power con- 
sumption was excessive. 


In 1987, Ko et al" reported their experience with 
an electromagnetic middle ear hearing device using 
direct stimulation of the stapes. Gyo et al'* have ex- 
perimented with a piezoelectric system to produce 
stapes vibration in fresh human temporal bones. 
Bojrab et al'? in 1988 reported on the advantages of 
an electromagnetic implant in the ear canal driving 


a magnet glued to the eardrum. Goode” recently 
has had encouraging results with another design in 
which an electromagnetic canal device, similar in 
principle and design to the Bojrab device, stimu- 
lates a samarium cobalt magnet glued to the ear- 
drum. 


Heide et al?! described an in-ear hearing aid with 
an electromagnetic coil driving an SmCo5 magnet 
attached to the umbo. The coil is 2.5 to 5 mm away 
from the magnet. Using a 1.3-V battery with a 
0.9-mA current, they obtained a 17.5-dB (average) 
functional gain at 500, 1,000, and 2,000 Hz. This is 
the same device clinically evaluated by Bojrab et 
3l,'? developed by the Richards Medical Company 
(Memphis). 


ADVANTAGES AND DISADVANTAGES 
OF IMPLANTABLE DEVICES 
AND CONVENTIONAL HEARING AIDS 


The idea of an implantable amplification device 
has been attractive in that its design theoretically 
could overcome many of the drawbacks of the con- 
ventional hearing aid. Despite technical refine- 
ments in the design of the conventional hearing aid 
over the past decade, it still has several basic short- 
comings. These include high internal noise, acoustic 
feedback, and limited fidelity due to distortion and 
a restricted frequency response. In addition, many 
hearing aid styles are considered to be cosmetically 
unattractive, overly conspicuous, or even uncom- 
fortable if they employ a tightly fitting earmold. 
Candidacy for hearing aid use may also be re- 
stricted on medical grounds because of such prob- 
lems as chronic middle ear infections, stenosis or 
atresia of the external auditory canal, and prior 
radical mastoidectomy. 


The conventional hearing aid is composed of a 
microphone, an amplifier, a battery as power 
source, and a speaker or earphone (commonly re- 
ferred to as the receiver in the hearing aid industry). 
The implantable device has the same basic compo- 
nents, except that the speaker is replaced by a non- 
acoustic driving vibrating component, such as an 
electromagnetic coil or a piezoelectric system of 
bimorph design. Environmental sound energy as it 
passes through either system is converted by the 
microphone to an electric signal and routed to an 
amplifier. In the conventional hearing aid, the 
speaker transduces amplified electric signals into 
acoustic energy, which is transmitted to the tym- 
panic membrane and ossicular chain. In the im- 
plantable device, the speaker is eliminated and re- 
placed by a vibratory component that drives the 
ossicular chain. Investigations have demonstrated 
that an electromechanical system of this type can 
overcome many of the drawbacks of the conven- 
tional device, particularly the sound distortion and 
feedback inherent to the speaker, but often at the 
expense of a high power consumption." 
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Fig 1. A) Device 1A, illustrating samarium cobalt magnet secured tc raalleus. External unit, positioned between 
eardrum magnet and battery (B), is totally concealed in external ear «anal. B) Device 1B is similar to ІА, except 
that SmCos magnet is mounted in titanium dish. Dish is secured with &lf-tapping titanium screws through laser- 


drilled minicavities. M — microphone, A — amplifier. 


If an implantable device is to succeed, not only 
must it overcome many of the drawbacks of the con- 
ventional hearing aid, but it must also minimize all 
potential risk factors introduced by the surgical pro- 
cedure. It should be made of biocompatible mate- 
rials and have the lowest possible risk of middle or 
inner ear complications. Ideally, its technical de- 
sign should be trouble-free for many years, requir- 
ing minimal need for revision surgery. It should also 
have the following advantages: 1) ability to be to- 


tally eoncealed, cosmetically, 2) highly efficient 
power consumption, 3) high sound fidelity, 4) 
broad flat frequency response, 5) minimal distor- 
tion, 6) elimination of ringing feedback, 7) ade- 
quate acoustic gain, and 8) flexibility and versatili- 
ty, so as to be applicable to conductive as well as 
sensorir2?ural hearing loss and to all ages including 
the pediatric group, who would probably derive the 
most benefit. Tympanoplasty techniques are indi- 
cated in cases of mixed deafness in which the bone 
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conduction is 20 dB or worse. An implantable hear- 
ing device would rehabilitate a mixed hearing loss 
in which the bone conduction threshold is between 
90 and 40 dB. Tympanoplasty and implantable 
hearing devices would be helpful for mixed hearing 
losses in which there is a bone conduction threshold 
of 40 dB or worse.” 


PROPOSED DESIGN ALTERNATIVES FOR 
PARTIALLY IMPLANTABLE MIDDLE EAR 
HEARING DEVICE 


For the past 3 years we have been experimenting 
with different designs of an implantable middle ear 
hearing device both in the laboratory and in acute 
animal experimentation. In considering the impor- 
tant advantages and risk factors, it appears that the 
idea of a totally concealed but partially implantable 
hearing device probably is the most viable at this 
stage of scientific development. Three designs are 
described as follows. 


Device 1. All In-Ear Electromagnetic Unit (No 
Telemetry). An external ear canal unit (device 1A) 
consisting of an electret microphone, a microchip 
amplifier, a battery, and an electromagnetic driv- 
ing coil is used to vibrate a magnet attached to the 
malleus (Fig 1A). The speaker is eliminated. Al- 
though several investigators'?"?' have tried this sys- 
tem in human volunteers with favorable results they 
have encountered difficulties in adequately fixating 
the magnet onto the tympanic membrane. Differ- 
ent adhesives have been used with rather disap- 
pointing results. Eventually, the magnet becomes 
dislodged and the system malfunctions. We propose 
to circumvent this problem through the use of a po- 
tassium-titanyl phosphate (KTP/532) laser that 
would allow for the creation of two minicavities in 
the malleus handle. The creation of such minicavi- 
ties is feasible and already has been tried. Meticu- 
lous intermittent saline irrigation is necessary for 
cooling of the bone. These cavities would be the re- 
ceptacles of two titanium self-tapping screws that 
would be introduced through drill holes in an 
SmCos plate (35 mg weight), be inserted in the mal- 
leus, and be allowed to solidify and biointegrate un- 
til ready for use. 


After 3 months, the all in-ear electromagnetic 
unit packaged in a silicone mold would be used. 
The medial end of the ferrite core of the driving coil 
would be positioned 3 to 5 mm away from the mag- 
net implanted on the malleus. The distance be- 
tween the magnet-coil interface is critical for effi- 
ciency, which is inversely proportional to distance 
cubed. For example, if the distance is doubled (5 to 
10 mm), at 10 mm from the magnet, the force from 
the driving coil to vibrate the magnet is reduced 
eightfold. The ear canal device would be inserted 
with the use of a forceps similar to those used in 
bronchoscopy for foreign body removal. The pa- 
tient would be trained to insert the device in the ear 


canal, determine optimum hearing improvement, 
and remove the inserter without disturbing the posi- 
tion of the device in the ear canal. The unit could be 
removed by a reverse maneuver using the same in- 
serter. An SmCo5 magnet would be implanted in 
the external bony canal wall under the skin lateral- 
ly. Another magnet in the canal unit in juxtaposi- 
tion with the implanted magnet would secure the 
unit in place. Canalplasties could be done in order 
to accommodate the device comfortably in patients 
with narrow canals. The driving electromagnetic 
coils would be quite efficient with 3,000 turns of the 
wire around the core (ferrite alloy compound). The 
battery could be changed as needed by the patient. 
If a repair was needed in the ear canal component, 
a spare unit could be worn in the interim. 


Device 1B (Fig 1B) is a modification in which the 
magnet is attached to the lateral aspect of the incus. 
The external canal unit is 2 to 3 mm lateral to the 
eardrum in order to compensate for the distance to 
the incus and tympanic membrane, to minimize 
damping of electromagnetic forces. 


Devices 2 and 3. Partially Implantable, Totally 
Concealed Ear Canal/Mastoid Hearing Devices 
(With Telemetry). Devices 2A and 2B under consid- 
eration are the partially implantable but totally 
concealed ear canal/mastoid hearing devices (Fig 
2A.B). They consist of a unit in the ear canal that 
contains an electret microphone, a microchip am- 
plifier, a battery for power, and an external induc- 
tion coil (the radio signal transmitting antenna). 
The electric signal would be transmitted transcu- 
taneously by AM radio frequency to an internal in- 
duction coil, which is the receiving antenna. The 
external unit would be placed in the ear canal in the 
same way as described for device 1 but would be 
held in position by two SmCo5 magnets, one located 
in the unit and the other implanted through a 
mastoidectomy approach under the skin of the ear 
canal, laterally lodged in the posterior bony ex- 
ternal ear canal wall. The internal induction coil 
would then be wired via passive electric compo- 
nents to the electromagnetic driving coil. A cylin- 
dric SmCos5 magnet would be implanted on the 
head of the stapes for individuals with special cases 
of conductive hearing loss, ie, cases not amenable to 
reconstruction with conventional tympanoplasty 
procedures but with still-mobile stapes (middle ear 
atelectasis, reconstructed radical mastoidectomy). 
The stapes footplate should be mobile. Perhaps 
good eustachian tube function would not even be a 
requirement. The SmCo5 magnet would not be 
glued directly to the stapes head but rather to a bio- 
compatible Plastipore cup that is glued directly to 
the stapes head (Fig 2A inset). In case of a need for 
removal, a simple cutting of the Plastipore would 
detach the magnet completely from the head of the 
stapes. The attachment of the magnet directly to 
the head of the stapes permits the device to consume 
less power because it requires less driving force. 


Fig 2. A) Device 2А. Two induction coils 
and fization magnets are aligned in exter- 
nal ear canal for reconstructed posterior 
canal wall. Connecting wire winds 
around telescoping supporting shaft that 
secures driving coil. Samarium cobalt 
magnet is attached to stapes head. Inset) 
Plastipore modified partial ossicular re- 
placement prosthesis cemented to stapes, 
securimg samarium cobalt magnet. B) 
Device 2B. Supporting shaft is positioned 
in bony canal instead of in mastoidec- 
tomy eavity as illustrated in A. M — mi- 
crophene, A — amplifier, B — battery. 
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Another variation is device 2C, in which activa- 
tion of a diaphragm is done by the driving coil. A 
titanium coil connects the diaphragm to a cup 
bumper that sits on the head of the stapes (Fig 2C). 
However, it is desirable not to disconnect the 
ossicular chain in sensorineural hearing loss; an 
alternative approach is proposed for patients with 
this type of loss. In device 3A a magnet would be at- 
tached to the body of the incus in a similar fashion, 
using the laser as previously explained for the 
mallear magnet. The driving coil (2,000 turns) is in- 
serted through the attic with the ferrite alloy of the 
driving coil positioned 2 mm away from the magnet 
(Fig 3A). Another variation of the device is shown 
in Fig 3B, which is another electromagnetic- 
mechanical system. The electromagnetic compo- 
nents, packaged in a case, activate a diaphragm 
(fine metal membrane) that is attached to a 
titanium spring coil coupled to a titanium screw 
biointegrated with the body of the incus. The 
minicavity in the incus is made with the KTP/532 
laser. 


In either approach, the electromagnetic driving 
coil must be properly secured to an L-shaped ti- 
tanium plate-shaft structure with titanium screws 
applied to the squamous portion of the temporal 
bone. The use of an adjustable telescoping shaft 
fixed in position by set screws and a bracket would 
permit optimal coupling distance, allowing for dif- 
ferences in anatomy and firm fixation. 


Device 4. Partially Concealed, Well-Hidden Ex- 
ternal Unit (With Telemetry). Another alternative 
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Fig 2 (continued). C) Device 2C. 
Electromagnetic driving coil activates 
metal membrane (diaphragm) that is 
connected to titanium spring coil at- 
tached to cup bumper sitting on head 
of stapes. Appropriate stiffness of 
spring coil is critical. M — micro- 
phone, A — amplifier, B — battery. 


to the previous design is to have a partially con- 
cealed, well-hidden external unit (Fig 4) func- 
tioning in a similar fashion but located externally 
and hidden medial to the upper portion of the pinna 
instead of in the ear canal. A strong SmCo5 magnet 
would keep the unit well secured against the 
retroauricular skin. A variation of this design is to 
use an osseointegrated percutaneous titanium de- 
vice similar to Tjellstróm's; radio transmission then 
would not be necessary. The hearing device would 
be connected to the abutment and to the coil in the 
mastoid-attic cavity. А transparent hook on the 
auricle would further stabilize the unit behind the 
ear. This unit should be easier to handle for patients 
without good manual dexterity. 


Probably, the totally concealed and semi-im- 
plantable ear canal mastoid/middle ear hearing de- 
vices offer the best combination of advantages. For 
in-ear units, with or without telemetry, another 
unit, “hand-held,” would offer the advantages of 
remote control, on-off switch, and volume control. 


ADVANTAGES AND DISADVANTAGES OF 
TOTALLY IMPLANTABLE HEARING DEVICE 


The concept of a totally implantable middle ear 
hearing device is very appealing. It has been dis- 
cussed for the past two decades. Great technologic 
problems are still unresolved, especially the need 
for a totally implantable, highly efficient micro- 
phone that is feedback-free. Options for micro- 
phone placement are 1) under the ear canal skin, 2) 
in the attic, coupled to the malleus, which would 
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Fig 5. A) Device 3A. Supporting 
shaft and driving coil are posi- 
tioned in attic. Samarium cobalt A 
magnet is secured to body of incus. 
B) Device 3B. Electromagnetic- 
mechanical device is coupled di- 
rectly to incus. Appropriate stiff- 
ness of spring coil is critical. 
Spring eyelet is secured to body of 
incus with self-tapping titanium 
screw through laser-drilled mini- 
cavitv. 


transmit the mechanical vibrations to the micro- 
phone receiving membrane, and 3) in the middle 
ear, again coupled to either the malleus or incus 
and using the eardrum as a pressure transducer. 
Still, research must be done in order to solve 
engineering and otologic problems. The idea of 
having all the hardware implanted and powered by 
a battery rechargeable transcutaneously by radio 








frequ =г cy is fascinating, but whether it is feasible 
remat:z to be seen. 


A totally implantable middle ear hearing device 
woulc пауе many disadvantages. It would require 
1) a тоге intricate surgical procedure, 2) more 
compex hardware implanted within the temporal 
bone, 5) the possibility of reoperations to correct 
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malfunction and for readjustments, 4) the possi- 
bility of complications such as foreign body tissue 
reaction, infection, and damage to normal anatom- 
ic structures, 5) increased maintenance and surgical 
costs, 6) high power consumption necessitating fre- 
quent transcutaneous radio frequency recharging of 
the battery (about 70 minutes per day) or periodic 
battery changes through outpatient surgery under 
local anesthesia (every 27 months) (nickel-cadmium 
and manganese dioxide-lithium cell batteries are 
currently the best power source for a totally im- 
plantable middle ear hearing device), and 7) more 
frequent "down time" if the unit malfunctions, un- 
til repairs can be made through reoperation. Addi- 
tionally, a period of healing would be necessary to 
restore optimal functioning of the device. Because 
of these technical difficulties, which probably will 
be solved in the future, the development of a totally 
implantable hearing device with wide clinical ap- 
plication is not currently feasible.?? 


MATERIALS AND METHODS 


Our preliminary research was directed toward 
accumulating experimental and laboratory data on 
the requirements of the partially implantable mid- 
dle ear hearing device of the stapedial type (device 
2) with considerations of its feasibility for eventual 
human implantation. The general goals of the 
research were to determine optimal surgical tech- 
niques and ossicular coupling requirements and to 
develop an efficient circuit design suitable for pa- 
tients with radical mastoid cavities that can be re- 





Fig 4. Device 4. Partially concealed, 
well-hidden postauricular external unit. 
Supporting shaft, driving coil, and stapes 
magnet are similar to those in Fig 2A. Ex- 
ternal and internal induction coils (radio 
link) and fixation magnets are in pos- 
terior auricular area. M — microphone, 
A — amplifier, B — battery. 


constructed, even if the eustachian tube function is 
suboptimal. An efficient electromagnetic implant- 
able middle ear hearing device applicable to this 
clinical condition is not available as yet. Our 
research is an attempt to develop a device that func- 
tions well in animals and has the potential for 
future human application. 


In the acute phase of animal experimentation, we 
specifically attempted to explore whether an im- 
planted device using direct stapedial coupling and 
radio frequency transmission could provide suffi- 
cient implant gain with low power consumption in 
the animal with a surgically altered middle ear. The 
study was organized in two phases: the first phase 
was structured to evaluate the coupling efficiency 
of the output transducer to the stapes, and the sec- 
ond phase was directed toward the evaluation of 
the radio frequency circuit. 


In laboratory experiments, we sought to specify 
the microvibrational characteristics of the magnet- 
ossicle assembly in fresh cat and human temporal 
bones. The goal in this experiment was to determine 
the optimal type of vibratory stimulator for implan- 
tation. Specifically, we attempted to determine 
whether an electromagnetic and a piezoelectric cir- 
cuit would produce significantly different frequen- 
cy responses of stapedial vibration. The piezo- 
electric device tested in our laboratory showed a 
peak frequency response of 1.9 kHz, whereas the 
electromagnetic system was characterized by a 
uniform, flat, and broad frequency response (Fig 
5). Based on these data, we adopted electromag- 


Maniglia et al, Implantable Hearing Device 11 





23 

7 ^ Piezoelectric 
е 6 e Electromagnetic 
с. 
E 3 
X. 
— 4 
Ф 
Bg 
a 
E 2 
= 3 

C 

0 1000 2000 3000 4000 5000 


Frequency (Hz) 


Fig 5. Comparison of frequency response for piezoelectric 
versus electromagnetic system measured with laboratory 
model. Broad flat frequency response of electromagnetic 
system is apparent. Data were recorded at 50 Hz, 100 Hz, 
400 Hz. 1 kHz, 2 kHz, 3 kHz, 4 kHz, and 5 kHz. p-p — 
peak to peak. 

netic principles in order to develop our middle ear 

implantable hearing device." 


Two versions of a middle ear stimulator using 
electromagnetic principles were developed: 1) a 
miniaturized driving coil (2.25 mm diameter x 13.5 
mm length; 1,300 turns of AWG No. 45 copper 
wire) and a cuplike SmCos magnet and 2) a special 
fine diaphragm or metal membrane, 6 mm in diam- 
eter, excited by electromagnetic components (Fig 
6). А 5-0 stainless steel wire was soldered to the cen- 
ter of the metal membrane to be crimped to the os- 
sicles. For comparison, a piezoelectric stimulator of 
bimerph design attached to the head of the stapes 
also was evaluated in the laboratory. The electro- 
magnetic coil with the SmCos5 magnet (27 mg 
weight) on the head of the stapes was found overall 
to be more efficient and have more advantages. The 
systems were tested in two fresh human cadavers 
and two fresh cat cadavers" (less than 8 hours after 


death). 


Ossicular microvibration below 1 um was mea- 
sured with an optoelectronic laser beam system. 
The displacement of the stapes or incus in the mid- 
dle ear of fresh cat cadavers was measured in re- 
sponse to the activation of the different types of im- 
plantable middle ear hearing devices. Also, the 
characteristics of the two types of electromagnetic 
stimulators and the piezoelectric stimulator driving 
the isolated stapes of anesthetized cats were com- 
pared. The electromagnetic stimulator has a more 
uniform, flat, and broad frequency response and 
does not require direct contact with the stapes. The 
results were similar to the data shown in Fig 5. 


For these reasons, we selected the electromag- 
netic minicoil after the preliminary engineering 
testing to be used in acute animal experiments. Sev- 
en anesthetized adult cats were used. Preoperative 
sedation was achieved with ketamine hydrochloride 
(35 to 50 mg/kg) given intramuscularly. Five- 
milligram titrated doses of 5% pentobarbital 
sodium were then administered intravenously prior 
to and following oral endotracheal intubation to 





Fig 6. Two electromagnetic systems. Right) Miniature 
driving coil. Left) Special metal diaphragm connected to 
5-0 wire that is activated by electromagnetic components 
packaged in hermetically laser-sealed case. 


maintain the animals in a deep plane of anesthesia. 
The preoperative hearing thresholds to 100-ys rare- 
faction clicks were recorded with a Nicolet Com- 
pact ГУ electrodiagnostic unit. 


The sxin and muscles overlying the cat's attic and 
bulla t-mpani after infiltration of 1% lidocaine 
hydroet loride with 1:100,000 epinephrine were in- 
cised amd retracted through a posterior auricular 
approach. With the aid of the Zeiss operating 
microscope, an atticotomy was performed by use of 
an electric drill with cutting burs and bone curettes 
(Fig 74). The incus was removed and the hearing 
tested again after the atticotomy defect was sealed 
with bene wax. A small, cylindrical, cup-shaped 
magnet (27 mg) was placed over the head of the 
stapes (Fig 7B). A central portion had been drilled 
out from one end of the magnet so that the minute 
head ef the stapes could fit into the magnet. 
Cyanoacrylate was used to cement the magnet to 
the stapes with the aid of nonmagnetic instruments. 
Care was taken to keep the middle ear dry and to 
ensure -hat the magnet was able to vibrate freely 
and dic not abut any other part of the middle ear 
cavity, -he malleus, or the facial nerve. 


A silicone-coated, ferrite core transducer coil 
(13.5 mm length x 2.25 mm diameter) with AWG 
No. 45 copper wire (1,300 turns) was placed ap- 
proximately 2 mm from the stapes-magnet assembly 
and hed in a fixed position with external devices 
(Fig 7C). The cat's head was immobilized in a 
viselike device. The resistance of the coil was 118.3 
Q, which is rather low yet adequate with this type of 
wire ата number of turns. The electronic compo- 
nents o the external unit of our design are shown in 
Fig 8. 


ELECTLOPHYSIOLOGIC ASSESSMENT OF HEARING 


Auditory brain stem potentials (ABPs) were elic- 
ited ага recorded preoperatively and postopera- 
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Fig 7. Intraoperative views of insertion of device 2A in cat. A) Atticotomy. Ossicular chain after lateral attic wall has been removed. 
B) Samarium cobalt magnet is cemented to stapes head. C) Stapes-magnet assembly and driving coil. 


tively in the acute experimental animal with a Nico- 
let Compact IV electrodiagnostic system. The ex- 
perimental measurement protocol required three 
different transducer interfaces: earphone-eardrum, 
earphone-microphone, and coil-magnet as de- 
scribed below. An open (free-field) system thus was 
employed with intensities monitored on an oscillo- 
scope at the level of the eardrum and by a probe 
microphone at the level of the earphone. Ambient 
noise in the laboratory was monitored by a sound 
level meter. 


During eardrum stimulation, probe microphone 
measurements in the ear canal to within 5 mm of 
the eardrum showed a signal enhancement of no 
greater than 3 dB referenced to the output of the 
earphone. This enhancement theoretically could be 
offset by compensatory adjustment of the earphone- 
microphone interface distance. However, the coil- 
magnet interface distance was more critical, as 
variations of 1 mm could produce a threshold dif- 
ferential of as great as 5 to 10 dB. Therefore, signal 
intensities were reported in increments of no less 
than 5 dB to offset any uncontrolled measurement 
error incurred by the changing transducer interface 
distance. 


While the anesthetized animal was secured in the 
stabilizing frame, 1) the TDH 39P shielded ear- 
phone was placed 2 to 3 cm from the eardrum or 1 
cm from the microphone of the telemetry unit or 2) 
the electromagnetic driving coil was placed 2 mm 
from the stapedial magnet. Stimuli consisted of 
100-џѕ monopolar square pulses at a rate of 22.3/s 
delivered either as acoustic click stimuli by the ear- 
phone or as direct current pulses to the electromag- 
netic driving coil. Intensities were measured from 
the coil voltage and current with an oscilloscope. 
All recordings were made in a free-field environ- 
ment. 


Electroencephalographic activity was recorded 


in a single-channel bipolar derivation from Grass 
platinum subdermal needle electrodes applied in a 
midline montage (midline central scalp-neck with 
supraorbital site as ground). This montage re- 
mained constant for all recordings and was selected 
for its equidistance from either ear and for its re- 
mote location from the operative site, minimizing 
interference artifact observed when the electromag- 
netic driving coil was in close proximity to the ac- 
tive recording site. 


The auditory brain stem evoked response was 
averaged over a minimum of 500 interpretations at 
given intensity levels to enhance the signal-to-noise 
ratio. The frequency response of the amplifier was 
set at 100 to 3,000 Hz passband and the averager 
was gated on during the 10 ms following each 
stimulus presentation. The response emerged as the 
classic far-field potential consisting of five 
characteristic peaks at higher stimulus intensities, 
with a robust wave IV noted in this species per- 
sisting at lower intensity levels. 


In each experimental condition, a reference in- 
tensity presentation series was established and repli- 
cated at 90 dB peak sound pressure level (pSPL). 
Successive runs were then performed at 5-dB 
decrements until a minimal response level (ABP 
threshold) was bracketed and replicated. Each 
averaged response was analyzed for morphology 
and replicability. Each animal was evaluated in one 
preoperative and three postoperative conditions. 


Preoperative. With an earphone at the test ear 
and contralateral broadband masking delivered via 
an insert earphone, the ABP was obtained to click 
stimuli at the reference level (90 dB pSPL). The 
ABP thresholds were established on a 5-dB decre- 
ment scale. As recordings were made on an open 
speaker system with an average ambient noise of 52 
dB SPL on an A-weighted scale, "preoperative 
thresholds" are assumed to be elevated with respect 
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Fig 8. A) Electronic components of exter- 
nal unit. System is being miniaturized 
and amplifier 5 being put into micro- 
chip. (*or comparison of size, dime is 
shown at far rizht.) 1 — electret micro- 
phone, 2 — amplifier, 3 — transmitting 
antennz (external induction coil), 4 — re- 
ceiving-antenna (internal induction coil), 
5 — batteries tc power system (prototype 
require- total of 4V), 6 — driving coil. B) 
Externzl driving circuit diagram includ- 
ing twe stages of audio amplifiers and 
5-MHz oscillator-modulator. Input from 
micropaone. 


to valaes that would be obtained in sound isolation. 
Thus, these preoperative threshold measures were 
incluced only to verify preoperative hearing in the 
experimenta! animal within the range of intensities 
consistent with behavioral detection thresholds and 
ABP threshclds of normal-hearing human subjects 
tested with the same level of ambient noise. No 
comparison is made between these preoperative 
measures and any postoperative threshold mea- 
sures. 


Postoperative 1. The ABP thresholds were re- 
established to adjust for possible changes caused by 
the operative technique (ie, drilling, opening the at- 
tic, disrupting the ossicular chain). The operative 
site was cleared of blood and sealed with bone wax 
prior to testing. As the operative technique involved 
removal of the incus, substantial interaural thresh- 
old differences were created, necessitating high 
levels of contralateral broadband masking to limit 
participation of the nontest ear. Masking was 
demonstrated to be effective provided that stimulus 
intensity did not exceed 100 dB pSPL. These toler- 
ances were determined by reevaluating ABP thresh- 
olds for the test ear with increasing levels of con- 
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tralateral masking in 10-dB increments. These re- 
sults were compared to a similar series performed at 
the end of the experiment after total labyrinthec- 
tomy of the test ear and 110 dB SPL of broadband 
noise at the nontest ear (output limits). No evoked 
potentials were observed for the test ear at stimulus 
intensities below 100 dB pSPL. However, a response 
was observed and replicated on stimulation of the 
labyrinthectomized ear at intensities of 100 dB 
pSPL and above, thus demonstrating ineffective 
masking. 


Postoperative 2. The monopolar square wave 
current pulse from the Nicolet system was applied 
to the driving coil mounted to a stabilizing frame 
and positioned 2 mm from the SmCos magnet glued 
to the stapes head. The ABP thresholds were then 
reestablished on a negative dB scale relative to the 
reference coil voltage and current. This measure 
was taken to verify optimal placement of the mag- 
net and *o determine power consumption of the 
driving coil. 


Postoperative 3. In this experiment, click stimuli 
were then transduced by the TDH 39P earphone 
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Auditory Brainstem Evoked Potentials: Thresholds to 100 ms Click Stimuli 
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Fig 9. Results of electromagnetic partially implantable 
hearing device experiment done in cats. Average 35-dB 
gain was obtained with use of telemetry. 


now mounted at a distance of 1 cm to the electret 
condenser microphone of the telemetric frequency 
coil system. Threshold measures were performed 
again as described in the preoperative condition in 
order to verify the function and efficiency of the 
telemetric components at intensities compatible 
with the reception of conversational speech. 


RESULTS 


Figure 9 shows the ABP thresholds for each ex- 
perimental condition in the seven acute animal ex- 
periments. In the preoperative baseline condition, 
the mean ABP click threshold was 50.71 dB pSPL 
(SD = 6.7), with a 20-dB range of values from a 
minimum of 40 dB pSPL to a maximum of 60 dB 
pSPL. Postoperatively, with the incus removed and 
the atticotomy defect sealed with bone wax, the 
mean click threshold increased to 94.28 dB pSPL 
(SD = 5.34), ranging from 90 to 105 dB pSPL. 


In the second postoperative condition, ABP 
thresholds were reassessed in order to evaluate the 
coil-magnet interface. As described above, this 
measure was performed on a different scale using 
pulsed direct current generated by the Nicolet 
system with 50 mV, 0.3 mA used as a 0-dB reference 
level. Coil-induced thresholds ranged from — 40 to 
—20 dB with a mean value of —27.14 dB 
(SD = 6.36), as referenced to the scale. 


Six of the seven cats were included in the third 
postoperative auditory measurement. In this condi- 
tion, ABP click thresholds were reestablished, rang- 
ing from 50 to 70 dB pSPL with a mean threshold of 
60 dB pSPL (SD - 7.07). 


Implant gain was considered to be the amount of 
threshold improvement achieved for each animal 
by means of the implanted telemetric device as 
compared to the baseline thresholds obtained in the 
surgically altered condition with the incus removed 
(postoperative 1). Thus, implant gain value is ex- 
pressed in decibels referenced to the postoperative 1 


condition. The mean implant gain was 35 dB 
(SD = 4.47), with values ranging from 30 to 40 dB 
of gain. 


A paired t test comparing the differences in means 
between the surgically altered condition (post- 
operative 1) and the implanted condition (post- 
operative 3) was significant (t=19.17; df-5; 
p«.001), indicating that the observed improve- 
ment in threshold with the implanted device could 
not be attributed to sampling error or other chance 
factors. 


DISCUSSION 


The experimental data, particularly the signifi- 
cant improvement noted with the telemetric circuit 
in place, support the original research objectives: 1) 
sufficient acoustic gain and 2) minimal power con- 
sumption by the implant device. The mean implant 
gain of 35 dB was achieved with the preliminary 
telemetry unit. Extrapolating to human subjects, 
they probably would have detection thresholds of 
30 dB pSPL for the clicks used (35-dB hearing level 
gain), if conditions could be duplicated. Gain can 
be further increased by using an adjustable ampli- 
fier in the external unit that can be controlled by 
the user. 


The power consumption of the implanted portion 
of the device was efficient, consuming only 15 „W 
at the reference level (50 mV, 0.3 mA), which is 
27.14 dB (mean value) above the threshold mea- 
sured in this condition. This small power require- 
ment made possible the design of the described tele- 
metric system. The estimated power consumption 
of the external telemetry unit was 2.4 mW (4 V, 0.6 
mA). As this represents our first prototype unit, 
additional technologic refinements in progress can 
be expected to decrease power consumption by a 
factor of three (1.3 V, 0.6 mA, 0.8 mW). 


For the patient with ossicular chain disconti- 
nuity, this device appears to compare favorably to a 
medium-power hearing aid with respect to acoustic 
gain and power requirements. With the present 
prototype, a 40-mA/h battery can last for 2 weeks 
on an 8-hr/d usage basis. With the improved elec- 
tronics, the battery life can be increased threefold. 
Although we did not measure discrete frequency 
ABP thresholds in the live animal, our optoelec- 
tronic laboratory data" show a broad, flat fre- 
quency response from 50 to 5,000 Hz (Fig 5). This 
type of frequency response is expected to provide 
good sound fidelity and with the added telemetry 
unit can be further modified (shaped) to the specific 
needs of the patient, as can that of the conventional 
hearing aid. 


The energy conversion system of this device is 
very efficient. Acoustic energy picked up by the 
microphone is transformed into an electric signal 
that is amplified and delivered directly to the trans- 
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mitting (external) antenna, avoiding the need for 
acoustic energy conversion typical of the conven- 
tional hearing aid. The conventional hearing aid re- 
quires a second conversion of energy (electric to 
acoustic) by the speaker. The acoustic energy deliv- 
ered to the eardrum must be transferred through air 
molecules; this in turn leads to a further depletion 
of energy due to impedance mismatches and con- 
duction losses. Not only does the elimination of a 
speaker lead to a better conversion of energy in the 
system, but it also avoids the well-known problem 
of feedback. 


The electronics of the implanted portion of our 
system are amplitude modulated, completely pas- 
sive, and simple in design, and the components are 
very inexpensive. It contains no transistors. It is 
composed of a coil, two diodes, one capacitor, and 
a driving electromagnetic coil with associated wir- 
ing. This implanted system requires no battery for 
operation. It is designed to be hermetically sealed 
and silicone coated. The components should last in- 
definitely, requiring no revision surgery for elec- 
tronic malfunction. In contrast to a frequency mod- 
ulated system, there is no need for an implanted 
battery; therefore, reoperations are not necessary 
for battery change. Hermetic sealing avoids cor- 
rosive interactions between the hardware and body 
fluids. The electromagnetic forces are transmitted 
to the ossicular chain on a contactless basis, thereby 
avoiding wear and tear on the ossicular chain. 


The external portion of the system has two 
variants, depending on the specific needs of the pa- 
tient. One variant can be totally concealed in the 
ear canal for patients with the motivation and 
manual dexterity required for insertion and care. 
Older patients, especially those with limited man- 
ual dexterity, would be candidates for a miniatur- 
ized and well-hidden postauricular unit. We feel 
that this system in either of these variations provides 
simplicity in electronics and excellent cosmetic ad- 
vantages. Should the external unit malfunction, 
there would be no “down time,” as the patient can 
replace it immediately with a spare unit. The pace- 
maker industry already has demonstrated the reli- 
ability with which electronics can be implanted. In 
additional preliminary studies on three animals, we 
also tested the efficiency of our system using a ring- 
shaped SmCos magnet that was inserted through 
the long process of the incus. The incudostapedial 
joint was cemented again after disarticulation prior 
to testing. While results were encouraging, further 
studies have to be done in order to evaluate this 
coupling method. 


Certainly, in patients with sensorineural hearing 
loss the removal of the incus is not desirable. There- 
fore, the magnet should be implanted on the lateral 
aspect of the body of the incus, which would be ac- 
tivated by a more powerful coil with 2,000 turns. 
Our system, coupling directly to the stapes, would 


be more suitable for a patient who requires recon- 
structiom of a radical mastoid cavity and who has а 
mobile and intact stapes superstructure. Good 
eustacaian tube function in such a case would not 
be mandatory, because the coil would drive the 
stapes efficiently and the minimal space of the 
round window niche should be sufficient for round 
window displacement in the scala tympani. 


FURTHER RESEARCH GOALS 


Imprcvement in the efficiency of the electronics 
and miniaturization is ongoing. Laboratory analy- 
sis anc testing will be performed and a prototype 
will be built that is applicable to human implanta- 
tion. Chronic animal experimentation will begin in 
the dog (beagle). The middle ear anatomy of the 
dog and zat is similar, although the structures of the 
dog are агрег. For chronic implantation of the de- 
vice we believe that the dog offers better anatomic 
features. For acute experiments, the cat is certainly 
more eec nomical. Forty dogs will receive implants, 
dividec nto two groups: 1) a conductive hearing 
loss gram (іе, with removal of the incus; devices 2А 
and 2C 12 dogs]) and 2) a sensorineural hearing 
loss grau» with the ossicular chain intact and hear- 
ing lossproduced by administration of ototoxic ami- 
noglyccs de drugs (24 dogs). The magnet in this case 
will be anplanted on the malleus or incus and a 
more powerful electromagnetic driving coil will be 
employed. Variations of the proposed designs will 
also be evaluated (devices 1A, 1B, 3A, and 3B). 
Four exta animals will be implanted to compensate 
for even-ual technical or infection problems. In 
these six subsets of chronic animal experimentation, 
it is assuraed that this number of animals will assist 
in the stability and reliability of our investigative 
finding.. Paired t tests will be used for statistical 
analysis. The animals will be evaluated with ABP 
tone burst stimuli (500 to 10,000 Hz) in a threshold 
рагааірт . Perhaps cochlear potentials with a car- 
bon eleet-ode at the round window could facilitate 
measures of acoustic distortion. 


After the chronic animals receive the implants, a 
3-month 5eriod will be allowed for biointegration. 
The апёт als will then be evaluated periodically at 
3, 6, and 9 months postoperatively. At 9 months, 
the anirazls will be killed painlessly and the middle 
ear/mas:cid will be inspected under the microscope 
to evalua-e potential ossicular problems, infection, 
granulation tissue, and other reactive tissue 
changes. The temporal bones will be harvested and 
histologic studies using light microscopy will be per- 
formed. I“ this experiment proves to be feasible and 
approprate to human application, then clinical 
trials wil! be started. 


This exciting area of research is just beginning. 
Future developments should enrich the field of 
otology ard improve the quality of life for many pa- 
tients. 
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А New Concept in ABR Testing 








Test from Neonate to Adult 
Automated for Ease of Use 
Lightweight and Portable ! 


Designed to provide routine, automated 
auditor" brainstem screening for neo- 
natal intensive care units, physicians’ 
offices, and clinics where rapid testing 
is required. Unexcelled ease-of-use, with 
a minimal of instruction. 


Neorate to Adult 


The innovative, lightweight, insert ear- 
phone assembly with assorted sized ear- 
tips maxes it possible to get accurate 
results эп patients of any age. 


Designed for Portability 


The lightweight, compact GSI 55 ABR 
Screener is battery powered and easily 
transported in a durable carrying case 
(a standard accessory). 


So Advanced... it's 
Actually Simple 

The LCD displays a simple menu from 
which test parameters may be selected, 
a bar graph for a validity check of 
electrode impedance, battery status, 
overload and a visualization of ongoing 
activity while averaging data. 


Offers Flexibility and 
Freedom of Choice 


• 100 25 clicks; positive, negative or 
alternating polarity. 


* Intensity Range; —10 to 8513 HL 
in 5 dB steps. 


* Four input gain options. 
* Two repetition rates availabee. 
* An analysis time of 12 ms. 


e Averaging can be paused ara restarted 
any time. 


ишишишишшшинин шиш 
Y | ) Tell me more 
& about GSI 55 
_ 1 Please send me the GSI 55 *rochure. 


CJ Please arrange a demonstrabon. 


Name: 


Address: 


Telephone: 


Please return this coupon to 
Grason-Stadler, Inc., Dept. E 


537 Great Road, P.O. Box 149) 
Littleton, MA 01460 








* Cursor permits readouts of latencies 
and amplitudes. 

* Markers may be set at selected points 
on trace. 
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Built-in Printer 


Provides rapid, hard copies of test 
results in 4 colors. 


The Grason-Stadler Label 


The most trusted name in the audio- 
metric world for almost forty years. 


For more information contact: 


Grason-Stadler, Inc. 
537 Great Road 

Littleton, MA 01460 
Tel.: (617) 486-3514 
TWX: 710/347-6892 


Grason-Stadler 


Since 1896... 


LARYNGOSCOPE 


The official journal of the 
American Laryngological, Rhinological 
and Otological Society, Inc. 


... Recognized as a leading medical jour- 
nal for clinical and research contributions 
in otolaryngology, head and neck medi- 
cine and surgery, facial plastic and recon- 
structive surgery, broncho-esophagology, 
maxillofacial surgery, communicative 
disorders, otology and otoneurology. 


|_| YES! Send me a one-year (12 issues) 
subscription to the LARYNGOSCOPE. 
Begin with issue. 


Subscription rates: 

| | United States $90 

| ] Foreign $110 

| | Resident's Rate Half-price 


Name please print 


Street 
City 
State ZIP Code 


Mail to: LARYNGOSCOPE 
9216 Clayton Rd. 
St. Louis, MO 63124-1561 


The University of Iowa 
Head and Neck Fellowship 
Positions Available 1989 and 1990 


A one-year intensive fellowship in head and neck 
and facial reconstructive surgery is available within 
the Department of Otolaryngology — Head and 
Neck Surgery at The University of Iowa Hospitals 
and Clinics, Iowa City, Iowa. 


Experience is offered in all aspects of head and 
neck oncology, reconstructive surgery, and plastic 
surgery. Accreditation is available through the 
American Academy of Facial Plastic and 
Reconstructive Surgery, the American Cancer 
Society, and The University of Iowa. Applicants 
must be board eligible in otolaryngology — head and 
neck surgery, general surgery, or plastic surgery 
and able to secure an Iowa medical license. 


For further information, contact 
Douglas E. Dawson, M.D., Assistant Professor 
Codirector, Head and Neck Surgical Oncology 

Department of Otolaryngology 

The University of Iowa 
Hospitals and Clinics 
Iowa City, Iowa 52242 
319/356-2166 


The University of Iowa is an affirmative action/equal 
opportunity employer. 


Marshfield Clinic Department of Otolaryn- 
gology - Head and Neck Surgery is seeking 
a fifth BE/BC Otolaryngologist to join its 
expanding practice. Marshfield Clinic is a 
270 physician multispecialty private group 
practice located in a unique rural setting in 
Central Wisconsin. The Clinic, physically 
adjacentto a 524 bed acute care teaching 
hospital, serves as a major secondary and 
tertiary referral center for Wisconsin and the 
Upper Peninsula. A University of Wisconsin 
Medical School affiliation, Residency Pro- 
grams, and Medical Research Foundation 
contribute to а very stimulating environ- 
ment. Send curriculum vitae and references 
to: 

Victor Ejercito, M.D. 

Department of Otolaryngology 


1000 North Oak Avenue 
Marshfield, WI 54449 
or call collect at (715) 387-5245 


Marshfield Clinic 





Ihe KTP/532 m 
aser redefines 


Precise destruction or excision of tissue, 
excellent hemostasis, preservation of adjoin- 
ing tissue and minimal postoperative edema 
are the desired results of laser surgery in 
Otorhinolaryngology. However, there has not 
been one laser that’s proven effective for all 
these applications. 

Until now. 

Using state of the art technology, the 
KTP/532™ laser from Laserscope? is the only 
laser with FDA clearances for all ENT applica- 
tions. This gives the 
physician unlimited 
surgical flexibility. 

The KTP’s 
332nm wavelength 
allows you to cut, 
coagulate or vaporize 
tissue with a single 
surgical instrument. 
Surgical accuracy is 
assured because the 
KTP/532’s visible 
green light is both 
the aiming and sur- 
gical beam. 

Unlike other 
lasers utilizing cumbersome articulated arms, 
the KTP/532’s fiber optics offer unsurpassed 
flexibility through a wide variety of delivery 
systems for handheld and endoscopic surgery. “s 
Ultra-precise microsurgery is performed by We 
attaching the Microbeam"" micromanipulator 
to most existing microscopes. 

This unique green light laser offers you 
unsurpassed surgical possibilities. For more 
information and a complete system brochure, 
call Laserscope at (800) 356-7600: in Califor- 
nia (408) 943-0636. 









n n 
«JE 0 067 
LIGHT YEARS AHEAD 


3052 Orchard Drive, San Jose, CA 95134 


For the most illuminating material 
available on the care of the voice... 


TheVoice Foundation 
PUBLICATIONS 


SYMPOSIUM TRANSCRIPTS 


From the proceedings of the 11th Symposium: 
Care of tne Professional Voice held in 1982 to the 
14th Symposium held in 1985, transcripts of each 
symposium are published in two volumes: one 
volume contains the Scientific Papers presented at 
the symposium, the second volume contains the 
pedagogic and medical material. 

Available in sets or individually. 


Symposium proceedings from 1986 are published 
in the official journal publication of The Voice 
Foundation, Journal of Voice, available from 
Raven Press, 1185 Avenue of the Americas, 

New York, NY 10036. Published quarterly. 
Subscription price: 

Individuals — $64.00 (U.S.) $76.00 (Non-U.S.) 
Institutions — $77.00 (U.S.) $89.00 (Non-U.S.) 
Single copy — $23.00 


OTHER PUBLICATIONS 


Spastic Dysphonia: State of the Art 1984 
Edited by George A. Gates, M.D. 


Transcripts of Panel Discussion, International 
Symposium on the Larynx, University of California, 
School of Medicine, San Francisco, California. 
42pp. Softbound $15.00 U.S. 


AUDIO VISUAL CASSETTES 


From Vocal Cord Vibration by Minoru Hirano, 
M.D. to Basic Concepts Pertaining to Voice 
Disorders by G. Paul Moore, Ph.D. The Voice 
Foundation offers an impressive selection of audio 
visual cassettes that cover a variety of voice-related 
topics. Available in 3 sizes: 3" U-Matic, '?" VHS & 
Ф" Beta. All sizes in NTSC and PAL-SECAM format. 


— NEW! — 


Performers and Voice Fatigue 
by Jean Abitbol, M.D. 


A didactic physiological presentation on vocal 
fold mechanisms relating to medical problems of 
chronic vocal fatigue especially affecting per- 
formers. 25 minutes color and sound $65.00 U.S. 
(NTSC) $125.00 U.S. (PAL-SECAM) 


Diversity of the Normal Larynx 
by Janina Casper, Ph.D., Raymond H. Colton, 
Ph.D., David W. Brewer, M.D. 


20 minutes $65.00 U.S. 


For more detailed information on publications and 
audio visual cassettes available from The Voice 
Foundation, please write: 


The Voice Foundation 
40 West 57th Street, Rm. 300 
New York, NY 10019 
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FOURTH ASEAN 
OTORHINOLARYNGOLOGICAL 
HEAD AND NECK CONGRESS 


APRIL 6-9, 1989 
SINGAPORE 


For further information, contact: 


The Secretariat 
4TH ASEAN ORL H&N CONGRESS 
Academy of Medicine, Singapore 
College of Medicine Building 
16 College Road #01-01 
Singapore 0316 
Republic of Singapore 
Tel: (65) 2238968 
Telex: RS40173 ACAMED 
Fax: (65) 2255155 


MANAGEMENT STRATEGIES 
IN 
OTOLARYNGOLOGY — 
HEAD AND NECK SURGERY 


April 30 - May 6, 1989 
Rotorua, New Zealand 


Sponsored by the New Zealand Society of Oto- 
laryngology - Head and Neck Surgery, and 
the Otolaryngological Society of Australia. 


Guest speakers include Michael Johns (Mary- 
land), Donald Harrison (London), Robin Cot- 
ton (Ohio), John House (California), Owen 
Black (Oregon), and Bill Gibson (Sydney). 


For further information, contact: 


Ronald J. Goodey, FRACS 
1989 Conference 
Dilworth Clinic 

139 Remuera Road 

Auckland 5, New Zealand 





The Voice Foundation 
AMERICAN SOCIETY 


EIGHTEENTH ANNUAL SYMPOSIUM: OF 
CARE OF THE PROFESSIONAL VOICE 
to be held at PEDIATRIC 
THE MANHATTAN SCHOOL OF MUSIC OTOLARYNGOLOGY 
Morningside Heights 
New York City Fcurth Annual Scientific Meeting 


the week of June 4—9, 1989 
May 17-20, 1989 


in association with 
Jefferson Medical College І 
ea eee ee E ee Marriott International Hotel 
Teachers College at Columbia University San Diego 
and the 


Vocal Dynamics Laboratory of Lenox Hill Hospital Presentation of original research papers, 


seminars on current pediatric otolaryngologic 


а 
Wilbur James Gould, M.D., and problems, poster presentations, and banquet. 


Robert Thayer Sataloff, M.D., D.M.A., Co-Chairmen : : 
For further information, contact: 


For further information, call or write Allan B. Seid, MD 
The Voice Foundation 550 Washington Street 
40 West 57th Street, Rm. 300 San Diego, CA 92103 


New York, NY 10019 (714) 296-8344 
(212) 581-2530 


HOUSE EAR INSTITUTE 
TEMPORAL BONE SURGICAL DISSECTION COURSES – 1989 


EMITTE ell), oU lam! а} НЕ | 


Intensive One Week Courses E: 53 hrs, е; 


Hand pieces, burrs and basic e шэтец tar 


The course is designed for the practicing otolaryng»lo | senior res de der iti in » training, 
with special emphasis on ше common йу proh ema e enccuntered in d айу practi | 
and edited tapes. Evening lectures and films deme e» rate the techniques oí tempe ie 


E 12- 17, NT -- 


March 12-17, 1989 July 9-14, 1989 
April 9-14, 1989 October 1-6, 1989 


Physicians $975.00 


Antonio De la Cruz, M.D., Director of Education ý 
House Ear Institute * 256 South Lake Street, Los Angeles California 90057 * (213) 483-4431 





OTOLARYNGOLOGIST 
SOUTHWEST VIRGINIA 


A modern 153-bed acute care hospital has 
an excellent opportunity for a Board-certi- 
fied/eligible otolaryngologist. Medical ser- 
vice area population of 55,000. Financial 
guarantees, practice assistance, and re- 
location. Beautiful mountainous plateau 
area with exceptional cultural, education- 
al, and recreational opportunities. 


Contact: 
Administrator 
PO Box 759 
Pulaski, VA 24301 
(703) 980-6822 


OTOLARYNGOLOGIST 
NEEDED 


SYRACUSE, NEW YORK 


Three-member group seeking associate for 
immediate opening. Active medical and 
surgical private practice affiliated with su- 
perb residency teaching program. Unsur- 
passed all-season life-style opportunities in 
the beautiful Finger Lakes region. Com- 
petitive compensation with incentive and 
excellent benefits. 


Please contact: 
Daniel D. Rabuzzi, MD 
1100 East Genesee Street 

Syracuse, NY 13210 

(315) 476-3124 


NOW MONTHLY 


ANNUAL SUBSCRIPTION RATES 


US FOREIGN 


INSTITUTIONS $120 $140 
INDIVIDUALS* 80 100 
RESIDENTS/STUDENTS* 48 60 


"Individual, resident, and student subscriptions must 
be in the individual's name and must be billed to and 
paid for by the individual. 


NEW SUBSCRIBERS RECEIVE 2 ISSUES 
FREE WITH PAID SUBSCRIPTION 


ANNALS PUBLISHING CO 
4507 Laclede Avenue 
St Louis, Missouri 63108 
(314) 367-4987 
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Twenty-second Arnual 
1989 Iowa Head and Neck Cancer and 
Reconstructive Surgery Course 


June 5-9, 1989 


Course Director: Douglas E. Dawson, M.D., Iowa City, lowa 
Assistant Director: James L. Netterville, M.D., Nashville, Tennessee 
Guest Faculty: Bruce W. Pearson, M.D., Jacksonville, Florida 


This one-week course, designed for both residents and practicing head and neck surgeons, 
will provide a comprehensive review of the current tecimiques in the management and 
reconstruction of head and neck neoplasms. Areas covered will include treatment of salivary 
gland, oral cavity, laryngeal, and thyroid carcinomas. Cadaver dissection under the 
supervision of the faculty to include practical applications of myocutaneous flaps will be 
offered. Approved for 40 hours CME credit. A concurrent course in Head and Neck Cancer 
and Reconstructive Surgery for Nurses will be given June 5-8, 1989. 


Fee $1,000 
Residents with a letter from department head will receiv? a 50 percent reduction on their fee. 
Enrollment is strictly limited. 


For further information ccntact: 
Marilyn Broxey 
Department of Otolaryngology — Head and Neck Surgery 
The University of Iowa Hospitals and Clinics 
Iowa City, lowa 52242 
319/356-2166 





Fifth Annual 
1989 Iowa Head and Neck Cancer and 
Reconstructive Surgery Course for Nurses 


June 5-8, 1989 


Guest Faculty: M. Linda Workman, R.N., Ph.D. 
Cincinnati, Ohio 


This four-day nursing course will present the comprehensive management of patients with 
head and neck cancer. Topics covered will include curren: treatment regimes, nursing 
interventions, and psychological and social considerations. A concurrent course in Head and 
Neck Cancer and Reconstructive Surgery for Physicians will be given June 5-9, 1989. 


Fee: $200 
CEUs—3.0 
Enrollment is strictly limi-ed. 


For further information contact: 
Marilyn Broxey 
Department of Otolaryngology — Head and Neck Surgery 
The University of Iowa Hospitals and Clinics 
Iowa City, Iowa 52242 
319/356-2166 


INSTRUCTIONS TO AUTHORS 


Send manuscripts to Editor Brian F. McCabe, MD, De- 
partment of Otolaryngology-Head and Neck Surgery, 
University of Iowa Hospitals, Iowa City, IA 52242. Origi- 
nal manuscripts dealing with clinical and scientific aspects 
of otolaryngology, bronchoesophagology, head and neck, 
maxillofacial and plastic surgery, audiology, speech pa- 
thology, and related specialties will be considered for pub- 
lication. 


Written permission from both senior author and publisher 
must be provided to the Annals in order to republish ma- 
terials copyrighted elsewhere. 


Papers are scheduled for publication in chronologic order 
of acceptance; however, manuscripts received in improper 
form require longer production time, which may delay 
publication. The following instructions are in accord with 
Uniform Requirements for Manuscripts Submitted to Bio- 
medical Journals (Ann Intern Med 1982; 96 [Part 1]: 
766-71). 


MANUSCRIPT. Limit papers to a size that will make up 
to no more than six printed pages, figuring three double- 
spaced typewritten pages of text to one typeset page; see 
journal for estimating space required for references, il- 
lustrations, and tables. If a manuscript of slightly greater 
length is approved by the editor all typeset pages in excess 
of six will be charged to the author at the publishers’ cost 
of $150 per page. Submit an original and two copies of the 
manuscript, typed on white bond paper with margins of at 
least 25 mm (1 in), double-spaced throughout, including 
abstract, references, tables, and legends. Begin each com- 
ponent on a new page in the following sequence: title 
page, abstract, text, acknowledgments, references, tables, 
and legends. Number pages consecutively in the upper 
right corner, beginning with the title page. 


The author is responsible for all statements in the paper, as 
approved by the author on the copyedited galley proofs, 
and for the cost of authors’ alterations made after the 
paper is set in type. 


Title page must include 1) a concise but informative title, 
worded to facilitate indexing; 2) an abbreviated form of 
the title, to be used as a running head; 3) authors names 
and no more than two academic degrees; 4) department(s) 
and institution(s) to which work should be attributed, not- 
ing authors’ affiliations; 5) statement of grant or other sup- 
port; 6) name and address of author to whom reprint re- 
quests should be sent; and 7) name, address, and telephone 
number of author handling correspondence and proofs. 


Abstracts should contain no more than 150 words and 
should state the goal of the study, primary procedures, 
main findings, and principal conclusions. 


Key Words, chosen as far as possible from the National Li- 
brary of Medicine Medical Subject Headings, should be 
listed after the abstract. 


References should be numbered consecutively in the order 
in which they are first mentioned, cited in the text in 
arabic numerals and may not exceed 30 in number. 
Authors will be charged $1.50 for each reference over 30. 
Use the style of references given in Uniform Requirements 
or a current issue of the Annals. Include in the reference 
list manuscripts accepted but not yet published; designate 
the journal followed by "in press" in parentheses. Manu- 
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scripts submitted but not yet accepted should be referred 
to as “unpublished data” in parentheses in the text. Pri- 
mary references only should be used and must be verified 
by the author(s) against the original documents. 


Tables should be on separate sheets, numbered consecu- 
tively, each headed by a concise title. Place explanatory 
matter in footnotes. Tables are adjuncts to the text and 
should not repeat material already presented. Limit the 
number of tables to no more than four small or two large 
tables per typeset page. The cost of setting tables will be 
charged to the author. 


Illustrations must be submitted in three complete sets, un- 
mounted. Only professional-quality glossy photographs 
and black and white line drawings are acceptable. Let- 
ters, numbers, and symbols on diagrams should be clear 
and even throughout, and of sufficient size that when 
reduced for publication, each item is still legible. Titles 
and detailed explanations of illustrations must be listed on 
a separate sheet, not on the illustrations themselves. Affix 
a label on the reverse of each illustration indicating figure 
number, authors’ names, and top of the figure. For radio- 
graphs, photomicrographs, CT scans, etc, give indications 
for maximum cropping and labeling on an overlay or 
xerox copy. Cite each figure in the text in consecutive 
order. Written permission from subjects is required for 
identifiable photographs of individuals. The cost of 
preparing illustrations for production is charged to the 
author. Color illustrations are acceptable for publication; 
cost estimates for color separations and printing will be 
provided upon request. 


ABBREVIATIONS, MEASUREMENTS, AND NOMEN- 
CLATURE. Use standard abbreviations given in Uniform 
Requirements. All measurements must be expressed in 
metric terms; if original measurements were made in 
another system, these may be included in parentheses. 
Audiograms must be plotted according to ISO standards. 
Generic names should be used whenever possible. 


SUPPLEMENTS. A manuscript too long for inclusion in 
the Annals may be published as a supplement if approved 
by the editor. All costs must be borne by the author; 
estimates of cost are provided upon request. Supplements 
have the advantages of separate identification and rapid 
publication, but undergo the same critical review. 


REPRINTS. Rates are quoted when proofs are sent. Or- 
ders must be signed by the author and returned with the 
proofs. 


COPYRIGHT. Each manuscript must be accompanied by 
the following statement signed by all authors before being 
reviewed: “1) This paper has not been published or sub- 
mitted for publication elsewhere, other than as stated in a 
separate letter to the editor. 2) [For papers with more than 
one author] I have contributed substantively to the devel- 
opment of the content of this paper and have agreed to 
have my name listed as an author in the final, revised ver- 
sion. 3) In consideration of the Annals of Otology, Rhinol- 
ору & Laryngology taking action in reviewing and editing 
my (our) submission, I hereby transfer, assign, or other- 
wise convey all copyright ownership to the Annals Pub- 
lishing Company in the event such work is published in the 
Annals of Otology, Rhinology & Laryngology.” 

Jan 1989 









OTOLARYNGOLOGIST 


SAN FRANCISCO 
BAY AREA 


A full-time position is available at the Kaiser 
Permanente Medical Center in Oakland, Cali- 
fornia. The position involves an active clinical 
and ашы паш resident and medical 
student teaching, and clinical research oppor- 
tunities. The position offers a competitive 
salary and outstanding benefits. It requires 
Board-certification/eligibility and a Califor- 
nia license. 



















Contact: 
Raymond L. Hilsinger, Jr, MD 
Department of Otolaryngology 

Kaiser Permanente Medical Center 

280 West MacArthur Blvd 
Oakland, CA 94611 
(415) 596-6402 


С) TROVER 


T 
CLINIC 


OTOLARYNGOLOGIST 


Immediate opening for qualified otolaryngologist in 
a newly established affiliate clinic of a large mul- 
tispecialty group in western Kentucky. Competitive 


salary and attractive benefits package including 
malpractice insurance. Partnership eligibility in two 
years and no buy-in is required. Our state of the art 
medical facility offers medical school teaching af- 


filiation as well as clinical research opportunities. 


Large lakes nearby offer excellent recreational op- 
portunities, and metropolitan areas are easily acces- 
sible. Community is family-oriented, with relaxed 
life-style not available in large cities. 


Send curriculum vitae to: 
Medical Director 
Trover Clinic 
Clinic Drive 
Madisonville, KY 42431 
Phone (502) 825-7470 
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REGIONAL 
MEDICAL 
GROUP 


OTOLARYNGOLOGIST 


Busy. growing 37-doctor multispecialty group 
in seuthern Minnesota needs a dynamic 
BC. FE physician for a professionally challeng- 
ing. *ull-time staff position. Practice does not 
include HMO. FFS with minimal PPO. All 
physicians in our community are part of our 
group. Beautiful lakes, excellent schools, and 
cultwre. Excellent salary and benefits. Com- 
munity size: 20,000. Service area: 60,000. 


Send CV and references to: 
Administrator 
Albert Lea Regional Medical Group, PA 
1602 Fountain Street 
Albert Lea, MN 56007 
or call collect (507) 373-8251 


ACADEMIC POSITION 
IN 
OTOLARYNGOLOGY— 
HEAD AND NECK 
SURGERY 


Assisant professor/instructor-level position 
available at the Mountain Home Veterans Ad- 
ministration Medical Center and Quillen- 
Dishner College of Medicine at East Tennessee 
State University. Applicant must be Board- 
certified/eligible and must have documented 
teact ing and clinical practice ability. Proven 
academic productivity is essential. 


Send application with a current 
curriculum vitae to: 


Louis Modica, MD 
112 D, Department of Surgery 
Veterans Administration Medical Center 
Mountain Home, TN 37684 


ЕТ is an affirmative action/equal opportunity employ- 
er. Women and minorities are encouraged to apply. ETSU 
employs only US citizens and aliens authorised to work in 
the United States. Review of applications will begin imme- 
diate! and continue until the position is filled. 

A372 
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PediOtic 


Formulated to be less acidic 
to help minimize irritation. 


suspension 
sterile 


A more normal pH range means less 
potential for painful irritation. 
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DESCRIPTION: Pediotic suspension (polymyxin B sulfate-neomycin sulfate-hydrocortisone) is a sterile antibacterial and anti-inflammatory 
Suspension for otic use. Each mi contains: Aerosporin* (polymyxin B sulfate) 10,000 units, neomycin sulfate equivalent to 3.5 то 
neomycin base. and hydrocortisone 10 mg (1%). The vehicle contains thimerosal 0.001% (added as a preservative) and the inactive 
ingredients cety! alcohol. glyceryl monostearate, mineral oil, polyoxy! 40 stearate, propylene glycol, and Water for Injection. Sulfuric 
acid May be added to adjust pH. Pediotic suspension has a minimum pH of 4.1, which is less acidic than the minimum pH of 3.0 
for Cortisporin* Otic Suspension. INDICATIONS AND USAGE: For the treatment of superficial bacterial infections of the external 
auditory Canal caused by organisms susceptible to the action of the antibiotics, and for the treatment of infections of mastoidectomy 
and fenestration cavities caused by organisms susceptible to the antibiotics. CONTRAINDICATIONS: This product is contraindicated 
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ions WARNINGS: This product should be used with care in cases of perforated eardrum andin longstanding cases of chronic otitis 
media because of the possibility of ototoxicity. Neomycin sulfate may cause cutaneous sensitization. A precise incidence of hypersensitivity 
reactions (primarily skin rash) due to topical neomycin is not known. When using neomycin-containing products to control sec- 
ondary infection in the chronic dermatoses. such as chronic otitis externa or stasis dermatitis, it should be borne in mind that the skin 
in these conditions ıs more liable than is normal skin to become sensitized to many substances, including neomycin. The manifesta- 
tion of sensitization to neomycin is usually a low-grade reddening with swelling, dry scaling and itching; it may be manifest simply 


as a failure to heal. Periodic examination for such signs is advisable, and the patient should be told to discontinue the product it they 
are observed. These symptoms regress quickly on withdrewing the medication. Neomycin-containing applications should be avoid- 
ed for the patient thereafter. PRECAUTIONS: As with other antibacterial preparations, prolonged use may result in overgrowth of 
non-susceptibleorganisms, including fungi. If the infection is not improved after one week, cultures and susceptibility tests should 
be repeated to verify the identity of the organism and to determine whether therapy should be changed. Treatment should not be con- 
tinued for longer than ten days. Allergic cross-reactions may occur which could prevent the use of any or all of the following antibiotics 
for the treatment of future infections: kanamycin, paromomycin, streptomycin, and possibly gentamicin. ADVERSE REACTIONS: 
Neomycin occasionally causes skin sensitization. Ototoxicity and nephrotoxicity have also been reported (see WARNINGS section) 
Adverse reactions have occurred with topical use of antibiotic combinations including neomycin and polymyxin B. Exact incidence 
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tion. In one clinical study, using a 20% neomycin patch, neomycin-induced allergic skin reactions occurred in two of 2,175 (0.09%) 
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EDITORIAL 


This issue of the ANNALS is an historic one. It is our first monthly issue. Henceforth there will be twelve 
issues annually. We have been working toward this goal over the past five years, as the pressures to do so have 
mounted. It is not simply a matter of ordering it done, for the legistics are complicated and the costs in time 
and money are great. 


Our authors will understand readily the pressing need for twelve rather than six issues per year. Basical- 
ly, the explosion of medical knowledge that began in the late 1940s has continued apace, so that each decade 
has doubled the number of manuscripts submitted to the ANNALS, and in the last decade it has tripled. At 
the same time, the quality of manuscripts has improved steadily. to the point where there is not room for all 
the articles recommended for publication by the Board of Editors. This results in competition for journal 
space and necessitates prioritizing articles and returning those below a certain level for submission elsewhere, 
because they would have almost no chance of reaching publication in this journal. It is unfair to authors to 
hold them in line indefinitely. 


There are many other advantages in this move to twelve anaual issues and the extra available pages per 
year. Each member of the ANNALS team takes very seriously cur mission of transmitting new medical infor- 
mation in as crisp, clear, graphic, balanced, and timely a fashion as we can. The greater flexibility afforded 
will increase the number of papers we can publish and at the same time shorten the period from acceptance to 
publication. It will also increase the diversity of each issue so that in each there is something for everyone in 
the rich mélange our specialty has become — otology, rhinology, laryngology, bronchoesophagology, pedi- 
atric ORL, head and neck oncologic surgery, plastic and reconstructive surgery, and basic research in each of 
these superspecialties. 


Our subscribers will note that we have changed our pricinz structure. We have added an institutional 
rate. Individual subscription prices have increased as well. These increases are necessary to help defray the 
rising costs of production (eg, typesetting, printing, binding, ard postage) and the added number of pages. 
We continue to offer residents a special reduced rate to encourage a "journal reading" habit and facilitate 
personal access to copies of each issue. 


In one important area we are unchanged. We remain committed to excellence in all that we publish. 


Brian F. McCabe, MD, Editor Kenneth A. Cooper, Jr, President 
Annals of Otology, Rhinology & Laryngology Annals Publishing Company 
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UTILITY OF NEAR-TOTAL LARYNGECTOMY FOR SUPRAGLOTTIC, 
PHARYNGEAL, BASE-OF-TONGUE, AND OTHER CANCERS 


LAWRENCE W. DESANTO, MD 


SCOTTSDALE, ARIZONA 


BRUCE W. PEARSON, MD 


JACKSONVILLE, FLORIDA 


KERRY D. OLSEN, MD 


ROCHESTER, MINNESOTA 


This report emphasizes the utility of the near-total laryngectomy for those patients in whom conventional conservation surgery is an 
option but may be oncologically or physiologically unsafe. The near-total operation can be offered for supraglottic cancer, pharyngeal 
cancer, and, more commonly, primary glottic cancer with cord fixation. Its application is described for patients who are candidates for 
conventional conservation surgery but are compromised physiologically by age or poor general health and for patients in whom tumor ex- 


tent would not permit safe conventional conservation surgery. 


KEY WORDS — glottic cancer, near-total laryngectomy, pharyngeal cancer, supraglottic cancer. 


INTRODUCTION 


Since the first laryngectomy was performed for 
cancer, there has been interest in the development 
of surgical procedures and prosthetic devices that 
will avoid or lessen the disabilities caused by the 
separation of airway and swallowing inherent in 
the laryngectomy operation. 


In the decade or so after the first laryngectomy, 
the death rates from laryngectomy were so high and 
the cures so few that іп 1887 Butlin stated, "Were it 
not that better results were hoped for in the future by 
better management of the patients the operation [lar- 
yngectomy] must be condemned as unsurgical."' ^*? 
By the early 1920s, the mortality rate after laryn- 
gectomy was lowered to less than 10% by use of 
staged operations and better anesthesia. The cure 
rate was improved by better selection of patients. 


Attention then turned to operations less than 
laryngectomy, the most popular being the "fissure" 
operation. General surgeons such as Mackenty? and 
Gluck? were criticized for being too inclined to use 
laryngectomy (“the great total operation") when 
something less was applicable, at least for cancer in 
early stages. 


F. Semon told a Japanese group in the early 1920s 
that 80% of cases could be cured by an operation 
less than a laryngectomy. Mackenty was just as con- 
vinced that total laryngectomy was the most reli- 
able way to treat cancer of the larynx. He said, 


from personal experience, that the operation of total laryngec- 
tomy for the cure of intrinsic cancer of the larynx should take the 
foremost place in the surgery of cancer in general. In no other 
location in the body have the results excelled . . . . You have one 


shot for the bull's eye, and if you miss the patient pays with his 
life, 2205.207) 


Laryngologists in those early days were not sur- 
geons in the broad sense. But they were convinced 
that this “one-operation” concept was too simplis- 
tic. Because they could observe directly the many 
variations of the disease, they sensed that treatment 
could be more selective. They urged laryngectomy 
for some tumors, partial laryngectomy (the fissure 
operation) for others, and even endolaryngeal sur- 
gery for very small growths. 


The thought that there should be some other op- 
erations between the “fissure” and laryngectomy 
arose early. Gluck’ talked about the “hyoid” phar- 
yngotomy for epiglottic cancer. This operation was 
not popular because of problems with pneumonia. 
In recent decades, better anesthesia, use of antibiot- 
ics, and the evolution of refined surgical techniques 
have led to the supraglottic partial operation, 
which does fill the gap between fissure and total 
laryngectomy for certain patients. 


There are biologic differences among cancers be- 
cause of differences in size and location within the 
larynx. Tools undreamed of in the time of Butlin, ' 
Semon, and Gluck? are available to allow precise 
preoperative study. Most important is the recogni- 
tion that the laryngectomy operation is directed not 
only to the oncologic needs of the patient but also to 
the physiologic requirement to separate breathing 
from swallowing when major parts of the larynx are 
removed, so that the patient can leave the hospital 
early and not die from postoperative complications. 
Patients with supraglottic or pharyngeal cancer of- 
ten need this separation. 


Prosthetic devices such as the valves popularized 
by Singer,* Singer and Blom, and Panje* are con- 
ceptual compromises to the concept of laryngec- 
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TABLE 1. PATIENTS UNDERGOING NEAR-TOTAL 
LARYNGECTOMY, BY PRIMARY SITE AND STAGE 


Stage 
Site n T1 T2 T3 T4 
Supraglottic 28 1 14 9 4 
Pharynx 8 4 2 2 
Other 3 d^ 1 


*One patient hac cancer of thyroid with anterior tracheal invasion. 


опту. They connect the gullet to the lower airway 
to provide one-way passage of air to the esophagus 
without allowing food or liquids to go in the other 
direction. The premise is that laryngectomy must be 
done for :ome patients for oncologic safety, and 
them one тау work back to vocal rehabilitation by 
usirg a prosthetic valve. 


Sargica. shunting with the patient's own tissue to 
provide a va.ved connection between the airway 
and the fcod passage has been another direction in 
the effort со rehabilitate the laryngectomy patient. 
Sucn operations have been developed by Conley et 
al, ^ Asai,’ Staffieri,? Vega,'" and others''?? and 
abandoned. The problem inherent in all of these 
procedures was that they started with a total laryn- 
geccomy and worked backward. The reconstruc- 
tiors all Fad an intrinsic morbidity manifested by 
asp ration. Because of aspiration, only about 15% 
of surgeors use the tissue techniques for vocal reha- 
bili-ation.?' 


The ideal vocal rehabilitation procedure should 
1) be oncclogically sound (ie, offer no temptation to 
surgical brinkmanship in order to retain tissue for 
the recon:truction), 2) be technically easy and re- 
producible, 3) have minimal morbidity (ie, no as- 
piration), 4) provide good voice quality soon after 
operation. 5) keep expense minimal, and 6) be com- 
patible with any adjunctive cancer therapy that 
may be used. 


Our concept of cancer of the larynx is that there is 
a spectrum of lesions from very early to advanced. 
This spectrum is described crudely by the TNM 
staging system? (stages T1, T2, ТЗ, and T4), but 
there is a merging of stages. Therefore, the staging 
system is madequate, because situations such as late 
staze T2 cr early stage T3, which are important, are 
not addressed by the staging system. 


We beieve that there are several acceptable 
methods »f treatment and that none excludes the 
others. The treatment recommended depends on 
the stage »f the disease, patient factors such as age, 
occupaticn, and distance from the treatment facili- 
ty, and patient's preference. We generally recom- 
mend the approach most likely to eliminate, by one 
treatmen’, a specific cancer in a given patient. We 
recognize that these estimates are based on data 
derived f-om other patients. Irradiation for cure is 
recommended for early glottic cancers in some in- 
stances, partial laryngectomy is recommended in 
others, and endoscopic removal is recommended 


TABLE 2. INDICATIONS FOR NEAR-TOTAL 
LARYNGECTOMY FOR SUPRAGLOTTIC CANCER 


No. of 


Indication Patients 


Oncologie 
Fixation of vocal cord 
Encroachment on nonfixed cord 
Radiat on failure 
Invasicn of thyroid cartilage 
Physiologic 
Age and general health 
Extems ve resection at tongue base 
Swallowing (dermatomyositis) 
Recurrence (partial vertical) 


— о О CO 


oe — — Ul 


Oncolczi^ and physiologic 
Total 28 


For carer in pharynx, all eight were oncologic. For cancer at other 
sites, al three were oncologic. 


when i: seems appropriate. 


The combination of irradiation for cure and lar- 
yngeetomy for salvage is not favored for stage T3 
glottic cancer or early to moderately advanced su- 
praglottic cancer. We find this concept to be faulty 
in that it commits so many patients to treatments 
(irradiation and later laryngectomy) with the as- 
sumption that disease persistence, or even progres- 
sion between the first and second treatments, is tol- 
erable and readily manageable. Our data indicate 
that both lives and lung-powered voices are lost by 
this policy. This would not have been the case had 
the first treatment used been the one that provided 
the best opportunity for cure.??* 


Supraglottic laryngectomy and partial laryngo- 
pharvngectomy are both used in properly selected 
cases for supraglottic and laryngopharyngeal can- 
cers that have not fixed a vocal cord. 


Our scheme has a strong surgical bias, but experi- 
ence and accumulated data support that bias. In 
this seaeme, laryngectomy is needed oncologically 
only for glottic, supraglottic, and laryngopharyn- 
geal cancers that have fixed a cord. Laryngectomy 
is virtually never indicated for stage T1 or stage T2 
glottic cancer. Laryngectomy is indicated physio- 
logically for some patients with stage T1 or stage T2 
suprazlottic and laryngopharyngeal cancers — pa- 
tients whose general health or age precludes safe 
supraglottic laryngectomy or partial laryngophar- 
yngectomy. What the limiting factors are is a mat- 
ter of rtudgment.? ?* 


The near-total operation developed by Pearson? 
has been used at the Mayo Clinic for stage T3 or 
stage T4 glottic cancers and stage T1, T2, or T3 py- 
riforr sinus cancers. These are situations in which 
the classic partial operation approaches oncologic 
brinkmanship, and laryngectomy has been tradi- 
tional both for oncologic safety and to separate 
breast ing from swallowing. 


This report emphasizes the utility of the near- 
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TABLE 3. RECURRENCES AFTER NEAR-TOTAL 
LARYNGECTOMY, BY PRIMARY SITE 


No 
Site n Recurrence Primary | Neck Distant 
Supraglottic 28 19 3 3 3 
Pharynx 8 5 1 0 2 
Other 3 1 0 0 2 
Total 25 1 3 7 


total laryngectomy for supraglottic cancers and 
pharyngeal cancers and expands on the indications 
discussed by Pearson.?5 It introduces the concept of 
the near-total operation as an alternative to laryn- 
gectomy for patients who are candidates for con- 
ventional conservation surgery but are physiologi- 
cally compromised by age or general health or when 
the tumor’s extent would not permit safe conven- 
tional conservation surgery. 


MATERIAL AND METHODS 
PATIENTS 


During the period Jan 1, 1980, through Dec 31, 
1985, 28 patients with supraglottic cancer, eight 
patients with carcinoma of the pharynx, and three 
patients with other nonglottic upper aerodigestive 
system cancers underwent near-total laryngectomy 
(Table 1). The 28 patients with supraglottic cancer 
represent 20% of the 135 patients with supraglottic 
cancer seen during that time interval. 


The mean age of the patients was 63 years (range, 
39 to 91 years). One third of the patients were over 
age 70 years; the group included 36 men and three 
women. 


INDICATIONS 


Near-Total Laryngectomy. The two categories 
for the selection of near-total laryngectomy over 
either laryngectomy or supraglottic laryngectomy 
were oncologic and physiologic (Table 2). An onco- 
logic indication is one related to stage or location or 
both such that the traditional operation would be 
total laryngectomy — for example, a supraglottic 
cancer with extension to the anterior commissure 
with or without cord extension or cord mobility. A 
physiologic indication is one in which the tumor 
was suitable for a partial laryngectomy but the pa- 
tient was not considered to be a safe candidate for 
supraglottic resection because of his or her general 
health. The most common physiologic indication 
was the combination of advanced age and chronic 
pulmonary disease. One 65-year-old woman with a 
stage T2 supraglottic tumor was selected for a near- 
total laryngectomy because she also had derma- 
tomyositis and a serious swallowing problem. There 
was overlap in that some older or frail patients had 
cancers that traditionally would be selected for lar- 
yngectomy because of tumor stage alone. 


Pharyngeal Cancer. For eight patients with pha- 
ryngeal cancers the near-total laryngectomy was 
elected rather than total laryngectomy. Five of 


these had stage T3 or T4 cancer with at least a nor- 
mal hemilarynx. Two other patients had posterior 
pharyngeal wall cancer with normal larynges. In 
both of these, a circumferential total pharyn- 
gectomy was done and the laryngeal remnant was 
inserted into the reconstructed pharynx; the phar- 
ynx was reconstructed by using a jejunal free flap in 
one case and a deltopectoral flap in the other. Three 
other pharyngeal cancer patients had near-total 
laryngectomy performed because of 1) advanced 
age (stage T2 tumor), 2) previous pneumonectomy, 
and 3) previous supraglottic laryngectomy (16 years 
prior). 


Other. Three patients with neither supraglottic 
nor pharyngeal cancer were treated by near-total 
laryngectomy. Two of these had extensive anterior 
and posterior tongue cancer (total glossectomy re- 
quired), and one had a primary papillary cancer of 
the thyroid gland with invasion of the anterior thy- 
roid, cricoid, and tracheal cartilage. 


STAGE OF PRIMARY DISEASE 


Table 1 documents the stage of the primary can- 
cer in each of the three categories studied. 


RESULTS 
CANCER RECURRENCE 


In the total group of 39 patients, four had recur- 
rences at the primary site (Table 3). These recur- 
rences were in three patients who had had supra- 
glottic cancer and one with pharyngeal cancer. In 
one patient with a high epiglottic cancer, a tumor 
of the posterior pharyngeal wall developed 2 years 
later. A patient with an epiglottic-vallecular cancer 
had a recurrence in the tongue within months. The 
third patient had had an extensive posterior pha- 
ryngeal wall cancer and returned within months 
with tumor in the nasopharynx. In the final patient, 
irradiation for cure of a stage T2 epiglottic cancer 
failed, and the patient returned in less than 1 year 
with recurrence in his laryngeal remnant. Three of 
these four patients died of their cancer; the patient 
with the posterior wall cancer is alive after secon- 
dary irradiation, but the follow-up is less than 2 
years. 


Ten other patients died of cancer because of 
either distant or uncontrolled regional metastasis. 
Both patients who had total glossectomy died of dis- 
tant metastasis. 


TALKING, SWALLOWING, AND REVISIONS 


In the 28 patients with supraglottic cancer, 18 
were successfully rehabilitated, with lung-powered 
speech and no aspiration. Four patients could not 
pass air through their shunt and could not speak 
with it. These patients required more speech reha- 
bilitation efforts; two developed esophageal speech 
and two had tracheoesophageal punctures. Failure 
of near-total laryngectomy does not sacrifice these 
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options. Three patients had minor aspiration, ie, a 
tear or two of liquid at the trachea after swallow- 
ing. Three patients had serious aspiration, and their 
shunts were taken down. 


All 11 patients with pharyngeal, tongue, or inva- 
sive thyroid cancer were able to speak without aspi- 
ration. 


Six of Һе 39 patients received radiation after 
the:r primary operation because of the stage of their 
neck disease. Five of these six were able to talk and 
to swallow. 


DISCUSSION 


The patients who aspirated represented technical 
failures, end all of them had been treated during 
the first 2 years of experience. In each instance, the 
shunt created was eventually recognized as being 
too large, so that the sphincteric opening to the 
shuat alone was inadequate to prevent aspiration. 
In other words, a successful reconstruction appears 
to Gepend on both a sphincteric pharyngeal opening 
anc a shunt connection of proper size. A shunt that 
is tco large will leak, and one that is too tight will be 
slow to permit phonation. It is better to have slow 
development of phonation and early swallowing 
than early phonation and later aspiration. The 
technical details as documented by Pearson?’ are 
important to a successful outcome. They are logical 
extensions of conservation surgery and can be 
learned as an extension of that surgery. 


In patients with supraglottic cancer, the need for 
a surgical option that is less than total laryngectomy 
and more than the supraglottic partial operation is 
provided Бу the near-total laryngectomy. The com- 
promise nature of this option is clear. Because of 
late diagnosis in the case of stage T3 lesions or un- 
favorable location in the case of low stage T2 supra- 
glottic lesions with cordal extension, the patient is 
asked to ascept a permanent tracheostomy and an 
altered voe to keep а lung-powered glottic voice. 
Witnout this compromise, total laryngectomy 
would be the surgical option. Likewise, patients 
with supraglottic cancers who have cordal mobility 
but who азе of advanced age, have poor pulmonary 
function, er are otherwise іп a physical state such 
that the convalescence after conventional supraglot- 
tic laryngectomy would be dangerous or impossible 
are offerec the advantage of something less than a 
laryngectomy — the voice-retaining option without 
the dangerous pulmonary and deglutitional stresses 
that would complicate a supraglottic operation. 


For the advanced T2 supraglottic lesion that ex- 
tencs onto the cord, Friedman et al? proposed us- 
ing an extension of the supraglottic resection to ad- 
vantage. However, the initial reports suggest that in 
some instances there is an element of oncologic 
brinkmansaip; local recurrence rates were high. 
Any extension of the supraglottic operation that ne- 
cessitates more compromise of the glottic valve but 


still seeks to provide a nasal airway risks aspiration 
prob:ems. In the cases of Friedman et al the aspira- 
tion problems during convalescence seem to be 
greater and the number of patients physiologically 
strong enough to get past the convalescence safely 


are fewer. 


The option of performing the laryngectomy and 
rebu:lcing from the total separation of airway and 
gulle- »y using a manufactured valve such as the 
Panje cr the Singer-Blom prosthesis has advantages. 
The main advantage is that patient selection is 
easie-. The criteria for selection for supraglottic re- 
secticn are well defined: cordal mobility, absence of 
thyrcic cartilage invasion, and an oncologically 
secure margin (the definition of this varies from ob- 
server to observer) between the vocal cords and an- 
terior commissure and the tumor. Patients who ful- 
fill theze criteria and are strong enough to survive 
after а supraglottic resection have that operation. 
Those who do not fulfill the criteria or cannot toler- 
ate a partial operation have total laryngectomy and 
trachecesophageal puncture. 


There are several disadvantages to this approach. 
Not ev?ry patient can handle the mechanical as- 
pects o- the valves, and the percentage of these in- 
creases with age. Another disadvantage relates to 
cost гв і complications. Some valve patients require 
more tian one procedure because valves fall out 
and myotomies are required. There are surgical 
complications, especially in the irradiated patient. 
The prosthesis goes into the esophagus, so the voice 
must be generated by a pharyngoesophageal seg- 
ment taat may not be suited for this purpose. It 
seems more rational to use human tissue, when it is 
oncologically safe to do so, rather than prosthetic 
mate-izls. Human tissue does not fall out, does not 
need tc be cleaned, and does not need to be re- 
placed эг purchased. 


The aear-total laryngectomy puts the burden for 
restoring speech on the physician, not on the pa- 
tient. Are busy surgeons willing to add that respon- 
sibility :0 the obligation they already have incurred 
to cure the cancer? Total laryngectomy and pros- 
thesis approaches may shift the costs in time and 
emotional commitment to the junior surgeon and 
speeca therapist. 


The final disadvantage is that escalation to total 
laryngectomy ignores the infrastructure provided 
by the knowledge that has been gained by extensive 
histopa-hologic studies of the whole organ. Serial- 
section laryngeal studies have led to the conclusion 
that laryngectomy was not oncologically necessary 
іп many cases in which it was selected.?"?* In our 
practice, only about 15% of all patients with all 
types of laryngeal cancer have a strictly oncologic 
reason Сог total laryngectomy. Almost all of this 
subgreup are patients who were not cured by “cura- 
tive" irradiation. In our current practice, the major 
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indication for total laryngectomy is failure of radia- 
tion therapy. 


The third option for the supraglottic cancers is 
radical irradiation and laryngectomy for salvage.^^" 
In our analysis of this approach, three of four pa- 
tients go on to laryngectomy; others who died either 
before or after laryngectomy might not have died if 
a primary surgical approach had been used.” 


With pharyngeal cancer, all or part of the larynx 
is discarded, but this is not necessary for cancer con- 
trol. In the case of high pharyngeal and posterior 
pharyngeal wall cancer, the entire larynx can be 
free of cancer but still is removed along with cir- 
cumferential pharynx to avoid aspiration. Dumich 
et al?! studied whole laryngeal sections and de- 
scribed the features needed for safety with pyriform 
sinus cancers. 


The utility of the near-total laryngectomy for 
some pharyngeal cancers is attested to by the suc- 
cessful swallowing and phonation in each of the 
eight patients so treated. Two of these patients had 
had total pharyngectomy and pharyngeal recon- 
struction (laryngeal remnant inserted into the re- 
constructed gullet). 


In three other instances in which a near-total lar- 
yngectomy was used when laryngectomy otherwise 
would have been required, successful vocal and 
swallowing function were retained. These were the 
two patients who had total glossectomy and one pa- 
tient with invasive thyroid cancer. From an oncolo- 
gic perspective, these cases are anecdotal, but they 
illustrate the flexibility of the near-total operation. 


The single recurrence in the laryngeal remnant 
merits comment. In this case, a 59-year-old man 
presented because of pain in the throat and an 18-kg 
(40 Ib) weight loss 4 months after completing a full 
course of radiation therapy for a stage T2 carci- 


noma of the epiglottis. Mirror and fiberoptic exam- 
ination showed a swollen epiglottis and mobile 
vocal cords. А near-total laryngectomy was per- 
formed after biopsy results were negative. Within 
the epiglottis was a 3.5 x 2.5 x 0.07-cm area of ir- 
radiated residual squamous cell carcinoma. The 
margins were free of tumor. The patient acquired 
speech and swallowed without difficulty 6 weeks 
after the operation. His speech ceased at 6 months 
postoperatively, and an anterior neck mass ap- 
peared at the site of the speaking fistula connection. 
A major ablation including esophageal resection 
failed, and the patient died 6 months later. Techni- 
cally, this patient could have had a supraglottic 
resection for salvage (an approach that is hazardous 
at best). The recurrence in the shunt makes us wary 
of the near-total laryngectomy as a salvage pro- 
cedure for irradiation-failure cancers of the su- 
praglottis and pharynx, where microscopic disease 
can lurk at a distance from what appear, by both 
gross and microscopic examination, to be safe mar- 
gins. 


CONCLUSION 


Near-total laryngectomy has been useful in pa- 
tients with supraglottic or hypopharyngeal cancer, 
for which total laryngectomy was the usual surgical 
option here prior to 1979. We have found that this 
operation fills the intermediate position between 
the traditional conservation surgery options of par- 
tial vertical laryngectomy and supraglottic partial 
laryngectomy and the reliable but often disabling 
procedure of total laryngectomy. Like the former 
operations, the near-total operation preserves the 
voice. Like laryngectomy, it sacrifices nasal respira- 
tion. The concept of conservation surgery is ex- 
panded. No longer is there the temptation to stretch 
the indications for the vertical or horizontal partial 
operations or risk aspiration in the high-risk patient 
with supraglottic cancer to save a voice. 
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We relate the experience obtained in the use of the right superior laryngeal nerve (motor branch)-cricothyroid muscle pedicle flap in 
dogs in an attempt to reinnervate the right posterior cricoarytenoid muscle (PCA). The right vocal cord was paralyzed by severance and 
removal of 2.5 cm of the right recurrent laryngeal nerve. Evaluation 6 months postoperatively revealed the vocal fold remobilization on the 
right side to have an average of about one half the mobility of the left, normal side. After the recurrent laryngeal and superior laryngeal 
nerves on the left were severed, the vocal cord mobility dropped to only about one fourth. This suggests that the dogs had contralateral 
reinnervation. Nevertheless, the right vocal cord mobility, driven only by the right superior laryngeal nerve, was enough to secure an ade- 
quate airway without the need for a tracheotomy. This experiment was statistically significant on comparison with a control group. Elec- 


tromyographic studies as well as PCA histochemistry were performed. 


KEY WORDS — laryngeal reinnervation, nerve-muscle pedicle flap, superior laryngeal nerve. 


LITERATURE REVIEW 


The management of airway obstruction in pa- 
tients with bilateral vocal cord paralysis tradition- 
ally has been by tracheotomy, arytenoidectomy, 
and arytenoidopexy. Marginal airways of 2to3 mm 
of glottic lumen enable many patients to have an 
adequate, breathy voice without a permanent tra- 
cheotomy. Although these procedures are not ideal 
because of limited airway and breathy voice, cur- 
rently there is no other surgical treatment proven 
clinically and with consistent successful results. 


Doyle et al' in 1967 studied the effect of selective 
reinnervation of the posterior cricoarytenoid muscle 
(PCA) by implantation of the sectioned proximal 


end of the recurrent laryngeal nerve (RLN) into the 
PCA. 


Takenouchi and Sato? in 1968 and Tucker et al’ 
in 1970 developed the principle of laryngeal rein- 
nervation using a nerve-muscle pedicle for grafting 
of intrinsic muscles of the larynx. 


Tucker et al** have published extensively on re- 
innervation of the PCA in animals and humans us- 
ing the ansa hypoglossi or ansa cervicalis, or more 
specifically its branch to the anterior belly of the 
omohyoid muscle, as a nerve-muscle pedicle graft 
anastomosed to the PCA of the paralyzed larynx. 


May and Berry? in 1986 reported good results of 
voice improvement using the Tucker technique in 
patients with unilateral vocal cord palsy, proposing 
it as an alternative to Teflon injection of the vocal 
cord. 


Crumley'? in 1982 investigated the ansa hypo- 
glossi neuromuscular pedicle in five dogs and the 
split phrenic nerve graft in 14 dogs. He concluded 
that "apparent vocal cord abduction was seen dur- 
ing hyperpnea from airway obstruction in the dogs 
submitted to the ansa hypoglossi omohyoid neuro- 
muscular pedicle procedure in an attempt to rein- 
nervate the PCA. But it was abolished by superior 
laryngeal nerve transection or detachment of ster- 
nothyroid muscle."'?^? Vocal cord abduction syn- 
chronized with inspiration was noted in five ani- 
mals with the split phrenic nerve graft anastomosed 
to the distal end of the RLN. 


Rice,'! also in 1982, attempted reinnervation of 
the paralyzed larynx using the phrenic nerve anas- 
tomosed to the abductor branch of the RLN. This 
experiment produced excellent remobilization of 
the vocal fold in inspiration. He also anastomosed 
the motor branch of the superior laryngeal nerve 
(SLN) to the adductor branch of the RLN in order 
to improve adduction of the vocal fold. Brondbo et 
al? in 1987 also attempted laryngeal reinnervation 
by phrenic nerve implantation into the PCA. They 
found no abductory movement of the vocal cord on 
the reinnervated side and concluded that this 
method does not seem to be suitable as a treatment 
alternative for bilateral vocal cord paralysis. 


Fata et al? in 1987 studied reinnervation of the 
PCA by using the ansa cervicalis in nine cats and 
detected no movement of the vocal cord 8 months 
later, although one experimental animal showed 
electrical stimulation of the nerve-muscle pedicle. 
They suggested that the technique may be more suc- 
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cessful with an electrical pacer. 


Broniatowski et al'* reported on laryngeal pacing 
to enhance the function of the nerve-muscle pedicle 
in order to obtain abduction of the vocal fold. The 
patients airway would be dependent upon the 
proper functioning of an electronic device. 


Yet, so far, laryngology does not have an accept- 
ably safe procedure for laryngeal reinnervation 
with consistent results and wide clinical applica- 
tion. 


Sasaki'5 states, 


Pertinent to respiratory laryngeal function is the role of the 
cricothyroid muscle (CT) known to be a vocal cord adductor or 
an isotonic tensor. Neurophysiologic investigation, however, 
demonstrates that this muscle contracts phasically with inspira- 
tion. While its adductor role would appear counter-productive to 
inspiration by narrowing the glottic aperture, its role in cord 
lengthening actually enhances the cross-sectional diameter of the 
glottis by increasing its anterior posterior dimension. Therefore, it 
would appear that both posterior cricoarytenoid and cricothyroid 
muscies are driven by the medullary respiratory center, the level 
of their activity regulated in eupneic breathing by afferent im- 
pulses originated in the chest. '5‹ғ!4-15) 


Horiuchi and Sasaki'* and Suzuki et al" have 
demonstrated that the respiratory activity of the 
SLN, which innervates the CT, occurs on inspira- 
tion but mainly on expiration. 


Hiroto et al'* reported that the inspiratory activi- 
ty of the CT was stronger than its expiratory activi- 
ty and concluded that the glottic chink opening was 
increased by CT activity during quiet, normal re- 
spiration but that the CT necessarily contracted 
only during forced inspiration. Faaborg-Andersen'? 
concluded that the CT had no activity during quiet, 
normal respiration, but contracted only during 
forced inspiration. Although there is some contro- 
versy, it is well documented that some fibers of the 
CT contract during expiration and some during in- 
spiration under conditions of airway obstruction." 


Severance of the SLN was advocated in 1911 by 
Martens? in Germany for the treatment of bilateral 
RLN paralysis in humans. Section of the SLN proxi- 
mal to its bifurcation leaves the larynx denervated 
of its sensory component that protects the airway. 
The internal (sensory) branch of the SLN should be 
preserved if an operation is to be designed. Section 
of the external (motor) branch of the SLN would 
improve the airway by lateralization of the aryte- 
noid. 


The motor laryngeal innervation of the intrinsic 
muscles of the larynx, except for the CT, is by the 
RLN. The CT is innervated by the SLN, of which 
fibers originate in the dorsal motor nucleus of the 
vagus nerve in the medulla oblongata.?! 


Rationale of Our Proposed Reinnervation. It ap- 
pears to be logical to use the motor branch of the 
SLN for laryngeal reinnervation of the PCA, be- 
cause this nerve indeed has respiratory function." 


Firing of this nerve during respiration in a para- 
lyzed larynx would contract the PCA, and the vocal 
fold saculd abduct. Adduction of the vocal fold is 
mainly by elasticity of laryngeal structures and 
recoil. 


Basec on this rationale, we decided to conduct 
animal experiments to test our hypothesis. To the 
best cf our knowledge, this newer approach to 
laryngeal reinnervation using the motor branch of 
the SLN as a driver for abduction has not been de- 
scribed previously in the literature. 


MATERIALS AND METHODS 


Our concept of laryngeal reinnervation consists 
of twe 2xperimental procedures that are under in- 
vestigation. The animal model chosen was the dog 
(adult beagles). Unilateral sectioning of the RLN 
was done, with removal of 2.5 to 3 cm of nerve 
proximal to its bifurcation as it enters the larynx. 
The experimental animals were divided into two 
subsets. For neurotization, the external (motor) 
branch of the SLN-CT pedicle graft was used to re- 
innerwate the PCA (Fig 1). The other subset was for 
direct merve anastomosis, consisting of two steps: 1) 
the external (motor) branch of the SLN proximal 
end was anastomosed directly, with 9-0 nylon su- 
tures and the aid of the operating microscope, to the 
abducter distal branch of the RLN: and 2) the ansa 
hypoglcssi or ansa cervicalis proximal end was anas- 
tomosed directly, by the same technique, to the dis- 
tal end of the adductor branch of the RLN (Fig 2). 


The ansa hypoglossi was chosen because it is a 
weak a»cessory nerve of inspiration and its anas- 
tomosis to the adductor RLN branch would prevent 
spontaneous reinnervation of the adductor muscles, 
which very well could occur because of misdirected 
proximal RLN fibers. Also, perhaps it could im- 
prove adductor function during voice production. 
These two procedures were done immediately fol- 
lowing sectioning of the RLN. 


In а 2ontrol group of animals (four dogs), only 
sectioniag and excision (2.5 cm) of the RLN was 
done. The proximal and distal ends were tied with 
3-0 sil« sutures in an attempt to prevent reinnerva- 
tion. 


This -eport will deal mainly with the neurotiza- 
tion group. The experiment on the direct nerve 
anastcmosis group is ongoing and the data are in- 
complete. Four dogs will be evaluated in the near 
future and compared with the neurotization and 
contral zroups in another report. We hope finally to 
select a procedure that could be recommended for a 
clinical trial. 


Eigat experimental animals were submitted to 
neurotization, and four others were the control 
group. total of 16 animals (12 experimental and 
four control) were operated upon. One dog devel- 
oped :nfection and wound dehiscence. Three ani- 
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mals were used to gain experience with the opera- 
tive technique and collection of data. Eight experi- 
mental and four control animals finally were evalu- 
ated and then killed painlessly. 


Operative Technique. Each of the experimental 
animals received pentobarbital 30 mg/kg for 
general anesthesia. The airway was secured with 
endotracheal intubation. Through a midline inci- 
sion, the larynx was exposed widely and rotated 
medially with a double-pronged hook. The right 
RLN was identified. The PCA was exposed through 
an incision and retraction of the inferior constrictor 
muscle. The RLN was stimulated with 0.5 mA 
square wave electric current. Contraction of the 
PCA was observed either during spontaneous res- 
piration or during electrical stimulation. Two and a 


Sup. Laryngeal Nerve — 


Motor Branch 


Fig 2. Superior laryngeal nerve 
anastomosed to abductor branch 
of recurrent laryngeal nerve, as 
well as ansa hypoglossi to adduc- 
tor branch of recurrent laryngeal 
nerve. 


Rec. Laryngeal Nerve 
Adductor Branch 


Rec. Laryngeal Nerve 
(transected) 


Recurrent Laryngeal Nerve 
Abductor Branch 






Fig 1. Superior laryngeal nerve- 
cricothyroid muscle pedicle flap 
anastomosed to posterior cricoary- 
tenoid muscle. Recurrent laryn- 
geal nerve is severed and partially 
excised. 





half centimeters of the RLN were excised at the 
bifurcation. The proximal and distal ends were tied 
with 3-0 silk suture material. The proximal end of 
the RLN again was stimulated electrically in order 
to verify absence of cross-innervation due to 
anastomosis with the opposite side. The pharyngeal 
branch of the vagus nerve and other anastomotic 
branches were identified and also cut. 


The sternothyroid muscle was detached from the 
larynx. The SLN external branch was identified. 
Electrical stimulation revealed contraction of the 
CT. The SLN was isolated and dissected. A 5-mm? 
plug of CT was left attached to the distal end of the 
SLN motor branch. Then, without any undue ten- 
sion, the SLN-CT nerve-muscle pedicle graft was 
sutured directly to the center of the ipsilateral PCA 


Recurrent Laryngeal Nerve 
Abductor Branch 








Rec. Laryngeal Nerve 
(transected) 


Galens Anastomosis 


Ansa Hypoglossi 
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RIGHT SUPERIOR LARYNGEAL NERVE WITH 
CRICOTHYROID MUSCLE PEDICLE TO 
POSTERIOR CRICOARYTENOID MUSCLE 
Right Vocal Cord Mobility (Grade) 
5 to 6 Months 


Dog Before Severance After Severance 
Experimental 
El T 4 
E2 6 3 
E3 T 3 
E4 8 5 
E5 6 3 
E6 3 l 
E7 3 1 
Е8 2 1 
Меап = 5.25 Меап = 2.62 
Control 
Cl 2 0 
C2 1 0 
C3 1 0 
C4 2 0 
Mean = 1.5 


Normal (left) vocal cord mobility graded 10. "Severance" is of left recur- 
геп! laryngeal nerve, superior laryngeal nerve, ansa hypoglossi, and 
sternothyroid muscle. 


after excoriation of muscle fibers. Four 6-0 Prolene 
sutures were applied. The wound was closed in two 
layers (3-0 chromic and 3-0 nylon sutures) without 
drainage. 


On the control group of animals, the operative 
procedure was limited to identification and section- 
ing of the RLN as described previously. 


Vocal cord paralysis on the operated side was de- 
tected by direct laryngoscopy in the two groups of 
animals. 


Postoperative Evaluation. The animals were 
allowed to survive for a period of 5 to 6 months and 
then were evaluated following these steps. 


1. Direct laryngoscopy with television videocas- 
sette documentation was done under light anes- 


| 
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Fig 3. (Experimental dog ЕЗ) Electromyo- 
graphic recording from right posterior cricoary- 
tenoid muscle, showing large regeneration po- 
tential and firing rapidly (amplitude = 325 4V, 
duration = 15 ms.) 


thesia without endotracheal intubation or tra- 
cheotomy. Vocal cord mobility was documented 
bi acerally. 

2. The neck was reexplored and the larynx was ex- 
pcsed and rotated medially. Bipolar electro- 
ттс graphic (EMG) recordings were done of the 
right PCA (experimental) and left PCA 
(normal). 

3. The opposite RLN (left side) was exposed. Con- 
traczion of the left PCA was seen by electrical 
stizmulation. The left RLN was completely sec- 
ап >а. The left SLN, left ansa hypoglossi, and 
stemmothyroid muscle were also cut. 

4. Direct laryngoscopy was performed again and 
vocz] cord movements were recorded again on 
viceotape. 

5. The larynx was detached from the trachea, dis- 
sected freely from the pharynx and esophagus, 
and left pedicled on the right side of the superior 
th-75id artery and right SLN-CT nerve-muscle 
pedicle. 


The karynx was denervated completely except for 
the rght SLN-CT nerve-muscle pedicle. Spon- 
taneous vocal cord movement under direct inspec- 
tion wes recorded, and the nerve-muscle pedicle 
was stimulated in order to observe vocal cord move- 
ment. The right SLN external branch was cut, and 
mobility again was observed and recorded. The 
larynges were removed for histochemical evalua- 
tion сї the PCA, bilaterally (ATPase and Bodian 
silver stain апа Н & E). A similar sequence of 
postope-ative evaluation was done in the control 


animals. 


RESULTS 


The results of the experimental (E) and control 
(C) groups of animals are summarized in the Table. 
Vocal word mobility of the normal side of each dog 
was gzz led 10. Mobility of the right vocal cord was 
compered with the left side before and after sev- 
erance cf the left RLN and left SLN. Four observers 
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graded the vocal cord mobility by watching the vid- 
eotapes. Ап average was obtained. The mean dif- 
ferential between the two phases of the evaluation 
(before and after severance of left RLN and left 
SLN) of the eight experimental animals was 
9.20—2.62— 2.63 (p«.001, paired t test; p= 
.0039, Sign test). The results obtained on the con- 
trol group are also summarized in the Table. 


The rank sum sample test for the experimental 
and control groups prior to severance of the left 
RLN and left SLN revealed a p value of .004 for the 
paired t test, which is significant. The mean dif- 
ferential between the two phases of the evaluation 
of the control animals only was 1.5-0 = 1.5 (p= 
‚0625, nonsignificant). 


Dogs El, E2, E3, E4, E5, and E6 on EMG eval- 





Fig 4. (Experimental dog E3) Pos- 
terior cricoarytenoid muscle. A,B) 
H & E. A) Normal (original x67). 
B) Reinnervated, with some areas 
of atrophy (original x125). C,D) 
Bodian silver, original x125. C) 
Normal. D) Reinnervated, with 
areas of atrophy. 


uation revealed reinnervation potentials (Fig 3), as 
well as fibrillations. Dogs E7 and E8 were not eval- 
uated by EMG because of equipment malfunction. 


Histologic evaluation of the left PCA of the ani- 
mals in the experimental group (El, E2, ЕЗ, E4) 
with hematoxylin and eosin and Bodian silver stains 
revealed normal findings. The right PCA of the 
same animals showed various degrees of atrophy 
and regeneration (Fig 4). Histochemical evaluation 
of the left PCA of dogs E5, E6, E7, and E8 with 
ATPase stain showed a normal pattern of muscle 
fibers. The right PCA of the same animals also 
showed various degrees of muscle atrophy and re- 
generation (Fig 5). 


The left and right PCAs of control dogs (C1, C2, 
C3, C4) were evaluated with H & E and Bodian 
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Fig 5. (Experimental dog E6) Posteri- 
or ericoarytenoid muscle (ATPase 
stain, original x125). A) Normal 
checkerboard appearance of type 1 
(dark) and type 2 (light) fibers in left 
muscle. В) Disorganized fibers indica- 
tive of atrophy and regeneration in 
right muscle. 


silver stain. The right PCAs were normal. The left 
PCAs showed marked atrophy but some evidence of 
regeneration. 


DISCUSSION 


Laryngeal reinnervation has been attempted by 
many investigators with variable results, yet we do 
not have a technique that has wide clinical applica- 
tion. The technique reported here appears to have 
sound anatomic and neurophysiologic principles. 
The phenomenon of neurotization is evident in this 
experiment. It is clear that the vocal cord mobility 
is reduced to about half after the opposite normal 
RLN and SLN are severed. This proves that the 
dog, contrary to humans, has a significant con- 
tralateral reinnervation due to anastomosis between 
the two RLNs. Although vocal cord mobility in the 
right side of the experimental animals is limited by 
about one fourth if compared with the normal side, 
still there is excursion of the right vocal cord that 
clinieally could improve the airway. If the tech- 
nique is indeed applicable to humans it could avoid 
a tracheotomy or arytenoidectomy. 


One of the major problems with the nerve-muscle 
pedicle flap is the possibility of its being detached 
from the original site of suture fixation. Our three 
experimental dogs (E6, E7, E8) were the last of the 
group to undergo operation. The senior author 








(А.Ј.М.) had had the experience of operating on the 
other animals. The operative technique was iden- 
tical. Гле muscle plug was anastomosed on the cen- 
ter of tae PCA, yet after the larynx was removed, 
the muscle plug was dislodged to the periphery, 
well away from the center of the PCA, where most 
of the end plates are. These three dogs showed the 
worst results. In spite of very poor excursion of the 
vocal cord, electrical stimulation of the right SLN 
(1.0 mA) showed good contraction of the PCA with 
vocal eord abduction. This proves that the only 
nerve supplying the PCA was the SLN. The larynx 
had been severed completely from the esophagus. 
pharynx, and vallecula. The only attachment was 
the righ- SLN and blood supply. The mobility of the 
vocal ecrd was documented with videotape as seen 
through the subglottic area. The cricoid was de- 
tached completely from the first tracheal ring and 
from the esophagus. 


Befcre any clinical trial is started, the results of 
the secead planned part of our experiment should 
be evaluated (SLN anastomosed to the abductor 
branch of the RLN, and ansa hypoglossi anasto- 
mosed to the adductor branch of the RLN). After 
these arimals are evaluated (the nerve-to-nerve 
anastomosis group), a statistical analysis will be 
done in erder to choose a technique that could have 
clinica! application. 
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VIDEO NASOPHARYNGOSCOPY: A COMPARISON OF FIBERSCOPIC, 
TELESCOPIC, AND MICROSCOPIC DOCUMENTATION 


EIJI YANAGISAWA, MD 
STEVEN T. KMUCHA, MD 


GLENN ISAACSON, MD 
RONALD HIROKAWA, MD 


NEW HAVEN, CONNECTICFT 


Video nasopharyngoscopy is a most valuable method of documenting the ana: omy and pathophysiology of the nasopharynx. Such a 
permenent record is useful for diagnosis, patient counselling, resident teachiag, and the monitoring of therapy in nasopharyngeal 
disorcers. To evaluate the various techniques for assessment of the nasopharynx. the authors have attempted to systematically compare 
flexible and rigid endoscopes and mirror examination during video recording. The pros and cons of 1) transnasal fiberscopic, 2) transnasal 
telesccpic, 3) transoral telescopic, and 4) transoral microscopic mirror examinatior methods for video nasopharyngoscopy are discussed. 


KEY WORDS — video nasopharyngoscopy. 


Joining the nose, ears, and throat, the naso- 
pharrnx is the crossroad of the upper respiratory 
tract. Its anterior limit is formed by the choanae, 
and its roof is attached to the base of the skull and 
slopes to the posterior pharyngeal wall. The lateral 
walls are composed of the tori tubarii, eustachian 
tube orifices, and lateral pharyngeal recesses of 
Roser müller, and the inferior extent is defined as 
the level of the hard palate.'? The nasopharynx lies 
at the deepest point in the facial skeleton and is hid- 
den from the examiner's view by the nasal turbi- 
nates. the soft palate, and the patient's protective 
gag reflex. 


Maay different methods of documentation of na- 
sopha-yngeal examination have been described.?-?? 
Visua ization of the nasopharynx by rigid endos- 
copy was accomplished in the early part of this cen- 
tury by Valentin? and Zaufal* by use of a cysto- 
scope, but their work was largely ignored until re- 
cently, with nasopharyngeal mirror examination 
servinz as the lesser standard. The development of 
quartz rod and zoom lens optical systems with su- 
perior illumination and resolution and more recent- 
ly the easy-to-use flexible fiberscope has permitted 
detailed study of the nasopharynx. Transoral and 
transnasal routes of examination have been ad- 
vocated, with different investigators favoring either 
rigid ar flexible devices.5:5- 1912.15.17?! Severa] studies 
have explored the physiology of the eustachian 
tube? '4:17:18:2327 and velopharyngeal apparatus'??$ 
and have detailed the pathologic anatomy of lesions 
of the nasopharynx.* Nasopharyngoscopy has been 
promo-ed as a useful adjunct in biopsy and surgical 
procedures in this region.'? 


Coupling of endoscopic instruments to the video 
camere has allowed documentation of the nasopha- 


гупреа! examination for purposes of immediate 
review. evaluation of therapy, resident teaching, 
and patient education.?*???? To evaluate the var- 
ious techniques available, the authors have at- 
tempted to systematically compare rigid and flexi- 
ble endoscopy via oral and nasal routes, as well as 
тісгоѕсэріс mirror examination, in assessment of 
the nasopharynx. This paper will discuss the pros 
and cors of these techniques of video nasopharyn- 


goscopy- 


METHODS AND MATERIALS 


Durirg a 5-month period in 1987 and 1988, any 
patient егп in the office of the senior author (E.Y.) 
with a complaint referable to the upper aerodiges- 
tive traet was offered a video nasopharyngoscopic 
examination. In each case, a variety of techniques 
was employed until at least one adequate examina- 
tion was obtained or the patient requested that the 
examiner stop. The order of techniques was more or 
less randcm except that the 0° or 30° transnasal 
telescope was generally introduced before examina- 
tion wita the 70? telescope was attempted. If a pa- 
tient was examined on more than one occasion, a 
different technique was tried. 


Topical anesthesia and vasoconstriction were 
achievec with aerosolized 4% lidocaine and ephed- 
rine. Nc injected anesthetic was required. For 
transnasal fiberscopic video nasopharyngoscopy, 
the Olympus ENF-P flexible rhinolaryngofiber- 
scope (3.7 mm diameter with an angulation of 130? 
up and 9C? down) (Fig ІА) was used. Three dif- 
ferent rigid Hopkins rod lens nasal telescopes were 
used: 1) 4mm 0° straight forward telescope (7200 
A) (Fig 1B, top); 2) 4-mm 30? forward oblique 
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Fig 1. Equipment for video nasopharyngoscopy. A) Olympus ENF-P, for transnasal fiberscopic nasopharyngoscopy. B) Hopkins 
nasal telescopes: top — 4-mm 0° straight forward telescope (7200 A); middle — 4-mm 30° forward oblique telescope (7200 B); bot- 
tom — 4-mm 70? lateral telescope (7200 C). C) Nagashima SFN retrospective nasopharyngoscope. D) Top — laryngeal mirror, bot- 
tom — Halsinger soft palate retractor for transoral microscopic nasopharyngoscopy. 


telescope (7200 B) (Fig 1B, middle); and 3) 4-mm 
70? lateral telescope (7200 C) (Fig 1B, bottom). For 
transoral telescopic video nasopharyngoscopy, the 
Nagashima SNF rigid nasopharyngoscope (120^) 
(Fig 1C) was generally employed and the 4-mm 
Hopkins retrospective telescope (120^) was occa- 
sionally tried. The Zeiss operating microscope with 
a 250-mm focal length lens was combined with a 
medium size laryngeal mirror (Fig 1D) for transoral 
examination. With each of the transoral techniques 
a metal tongue blade, self-retaining soft palate 
retractor (Halsinger) (Fig 1D), or nasal-to-oral red 
rubber catheter was used as needed for adequate ex- 
posure. Rigid telescopic and microscopic mirror ex- 
aminations of children were performed under gen- 
eral anesthesia. 


A xenon cold light fountain (Karl Storz 487C) 
was the primary endoscopic light source. The Pill- 
ing 2X luminator was occasionally used and found 
satisfactory. 


A JVC GX-N8U home video camera (Fig 2, right) 
was used for recording all transnasal and transoral 
endoscopic examinations, whereas the Hitachi 
DK-5050 (Fig 2, left) or Karl Storz mini CCD 9000 
video camera (Fig 2, arrow) was coupled to the 
operating microscope for transoral mirror examina- 
tion. In each case a °/,-in U-matic cassette recorder 
(Sony VO5600) was used for recording. 


Once the video recordings had been compiled, 
they were reviewed by the four authors. Each ex- 
amination was evaluated for technical ease based 
upon the amount of time and the number of at- 
tempts needed to view the nasopharynx adequately. 
Picture quality was assessed on a scale of 1 to 4 for 
clarity, detail, and color. With each examination 
the ability to visualize and assess the structure and 
function of the eustachian tube, tori tubarii, lateral 
pharyngeal recesses of Rosenmüller, choanae, soft 
palate, and nasopharyngeal roof and posterior wall 





\ 


Fig 2. Video cameras. Right — JVC GX-N8U home video 
camera: arrow — Karl Storz mini CCD color camera; 
left — Hitachi DK-5050. 
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Fig 3. Techniques for video nasopharyngoscopy. A) Transnasal fiberscopic. Б) Transnasal telescopic. C) Transoral telescopic. D) 
‘ransoral microscopic. 


were compared and assigned a score of 1 to 4. An 
examination was considered successful if a video 
recording was made of each of the structures to be 
evcluated regardless of the quality of the image. 


RESULTS 


One hundred ten examinations were performed 
upon 100 patients. The patients' ages ranged from 4 
to 81 years with a median age of 37 years. Seventy- 
three examinations were of females and 37 of males. 
Fify-eight examinations were for a nasal or naso- 
pharyngeal complaint including rhinitis, nasal ob- 
struction, sinusitis, epistaxis, septal perforation, or 
his-ory of nasopharyngeal carcinoma or lymphoma. 
Two or more examination techniques were em- 
plcyed in a single sitting in 42 cases. Examinations 
were successful in 35 of 37 attempts in which trans- 
nasal fiberscopic video nasopharyngoscopy (Fig 3A) 
was used; the two failures were due to completely 
ob:tructing adenoids in one case and a narrow nose 
іп ће other. Rigid transnasal examination (Fig 3B) 
was possible with the 0? telescope in 51 of 64 at- 
teripts, with the 30? telescope in 18 of 19 attempts, 
and the 70? telescope in nine of nine tries. (It should 
beremembered that the 70? telescope was used only 
after successful endoscopy with the 0? or 30? tele- 


scope.) Rigid transnasal video nasopharyngoscopy 
failed when there was a marked septal deflection, 
markedly hyperplastic turbinates, a very narrow 
nose, or severe discomfort despite topical anes- 
thesia, in that order of frequency. 


Transoral telescopic video nasopharyngoscopy 
(Fig 3C) was attained in 28 of 33 attempts. Failures 
were secondary to a strong gag reflex, very redun- 
dant soft palate, or inability to tolerate the soft 
palate retractor, which was needed in about one 
third of cases. Transoral microscopic mirror ex- 
amination (Fig 3D) provided good video documen- 
tation in 11 of 11 attempts, but this technique was 
emploved most often when general anesthesia was 
used in the operating room because previous ex- 
perienee had shown it to be impractical in the office 
setting. 


DISCUSSION 


The relative merits and limitations of flexible and 
rigid endoscopes for examination of the nasophar- 
ynx have been well described.75:!'-(??! The authors’ 
observations remain valid despite advances in fiber- 
optic technology and rigid telescope design. The ad- 
dition of the video camera in nasopharyngeal obser- 
vation greatly enhances the examiner's ability to 
assess structure, function, and disease by permitting 
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review and comparison of images that once were 
preserved only in the examiner's memory.?^?* Still, 
no camera exists that can duplicate the human eye's 
resolution or equal its ability to detect a single pho- 
ton. Thus, for high quality video documentation, 
excellent illumination and maximum resolution are 
paramount. 


Our comparison of the various techniques avail- 
able for video nasopharyngoscopy in individual pa- 
tients and in a range of clinical office and surgical 
situations has led to several observations about the 
practicality and quality of each method. 


The fiberoptic nasopharyngoscope proved the 
easiest instrument to insert transnasally and was the 
most comfortable for the patient. It allowed view- 
ing of the nasopharynx in the presence of septal 
spurs that often prevented passage of rigid nasal 
telescopes. The fiberscope can be flexed and rotated 
to view the entire nasopharynx through a single 
naris and provided superior visualization of the soft 
palate and lateral pharyngeal wall during the Mül- 
ler maneuver. Despite ease of examination, the pic- 
ture quality obtained with the fiberoptic nasophar- 
yngoscope was generally inferior to that obtained 
with the rigid telescope (Fig 4A-C). On the magni- 
fied television screen, the fiber bundles of the flexi- 
ble instrument were clearly discernible and made 
the textures of nasopharyngeal surfaces difficult to 
appreciate. Further, the video camera reproduced 
color poorly because of the relatively dim light of 
the fiberscope. Occasionally the nasopharynx could 
not be studied because of obstructing nasal lesions 
and a floppy soft palate or large adenoids that made 
stabilization of the fiberscope tip difficult. The flex- 
ible nasopharyngoscope should be reserved for vid- 
eo documentation of children'5 and adults with tor- 
tuous nasal airways. 


The 4-mm Storz-Hopkins quartz rod telescopes 
uniformly produced excellent images of the naso- 
pharynx (Fig 4D-I). Their small diameter allowed 
passage in most adults, and the excellent optics and 
illumination yielded high quality video photog- 
raphy. Each of the rigid nasal telescopes demon- 
strated specific advantages. The 0? telescope was 
the easiest to insert, as it permits the examiner to 
visualize the nasal obstacles ahead to be avoided 
during passage. The top of the soft palate was well 
seen during swallowing, and a wide-field view of 
the posterior and ipsilateral lateral nasopharyngeal 
walls was uniformly obtained from each choana 
(Fig 4D). The roof and fossa of Rosenmüller were 
less well seen, and passage through both nares was 
necessary to completely examine the nasopharynx. 


The 30? telescope was the most versatile single in- 
strument for video nasopharyngoscopy. It was rela- 
tively easy to pass, could be rotated to improve vis- 
ibility, and produced high quality images of the 
nasopharyngeal posterior wall and roof as well as 
the tori tubarii, fossae of Rosenmüller, and prox- 


imal eustachian tube lumina (Fig 4E,G). As with 
any scope passed through the nose, it did not allow 
inspection of both choanae at one time. 


The 70° telescope was the most difficult to pass, 
as the lateral wall of the nasal vault rather than the 
oncoming nasopharynx was in view during passage. 
In several cases, patients complained of discomfort. 
Still, when the scope was passed the results were 
very gratifying (Fig 4F,H,I). The eustachian tube 
could be examined to its isthmus and its function 
during swallowing and speech carefully studied. 
The fossae of Rosenmüller were clearly seen, and by 
rotating the telescope, the roof, contralateral 
eustachian tube, and soft palate could be examined. 
The 70° telescope gave a limited view of the pos- 
terior wall of the nasopharynx. 


Mirror examination of the nasopharynx for video 
documentation proved difficult in the office setting. 
Although picture quality was good and the operat- 
ing microscope provided good illumination (Fig 
4M-O), the setup was cumbersome, and patients 
protested when the soft palate retractor was used. 


The 120? retrograde telescope passed by mouth 
produced at least as good an image of the nasophar- 
ynx as did mirror examination and usually did not 
require soft palate retraction. This telescope yielded 
a panoramic view of the nasopharynx allowing as- 
sessment of symmetry not possible with any of the 
nasal instruments (Fig 4]-L). Both choanae and all 
of the turbinates were seen in one picture and in 
sufficient detail to evaluate each in a still frame. 
The roof was well seen, but the lower edges of the 
tori tubarii tended to obscure the eustachian tube 
orifices. The soft palate was not well seen by any of 
the transoral techniques. 


In the operating room both rigid nasal telescopes 
and microscopic mirror examination facilitated sur- 
gical procedures. In particular, removal of superi- 
orly located adenoidal tissue, correction of choanal 
atresia, posterior turbinate cautery, and nasopha- 
ryngeal biopsy were possible when the mirror was 
used, and small amounts of blood did not prevent 
completion of the procedures. 


Documentation of the nasopharyngeal examina- 
tion is valuable for verification of the presence or 
absence of lesions, detection of subtle abnormalities 
in function, and assessment of surgical treatments 
over time. Video endoscopy provides an excellent 
tool for teaching, allowing students to observe an 
examination or procedure when they cannot be 
present in the operating suite. 


Video documentation of the nasopharynx re- 
mains a challenge. No single method is adequate to 
completely assess this region. Yet, by use of the 
variety of techniques described here, a thorough, 
comfortable video nasopharyngoscopy can be ac- 
complished in almost any patient. 
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Fig-. Color photographs of nasopharynx taken from video screen (ASA 400. cachrome). A) Transnasal downward view, fiber- 
sco: ic. B) Transnasal posterior view, fiberscopic. C) Transnasal posterior view of enlarged adenoid, fiberscopic. D) Transnasal 
view of eustachian tube, 0° telescope. E) Transnasal view of eustachian tube. 39 telescope. F) Transnasal view of eustachian tube, 
70° telescope. С) Transnasal downward view of velopharyngeal sphincter, 3)? telescope. H) Transnasal downward view of 
velapharyngeal sphincter on phonation /k/, 70° telescope. I) Transnasal downv a-d view of velopharyngeal sphincter on phonation 
n/. 70° tel-scope. J) Transoral view of normal nasopharynx, Nagashima SFN telescope. K) Transoral view of papilloma, 
Nagashima >FN telescope. L) Transoral view of allergic rhinitis, Nagashima SFN telescope. M) Transoral microscopic view of 
рар Пота om posterior end of middle turbinate, microscope at office. N) T:aasoral microscopic view of enlarged adenoid, in 
ope-ating rowm. О) Transoral microscopic view of marked hypertrophy of postexior ends of inferior turbinate, in operating room. 
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Eighteen patients with glomus vagale tumors treated by surgical resectwa are reviewed. Computed tomography and magnetic 
resonance imaging are diagnostic. Arteriography is used to determine multicertzic tumors. The incidence of multicentric tumors in this 
series was 40 % . Adequate surgical exposure is necessary for removal of the tumar without injury to the carotid artery. Vagal paralysis was 
present in all cases postoperatively and resulted in dysphagia and aspiration. Sricopharyngeal myotomy and Teflon injection aided in 
rehabilitation of deglutition. Curability with surgery is high, but radiation therzpy is recommended in selected patients. 


KEY WORDS — glomus vagale tumors. 


The glomus vagale tumor is a nonchromaffin 
paraganglionic tumor arising from chemoreceptor 
cell bodies associated with the vagus nerve. The 
chemoreceptor cell bodies are located principally 
within (intravagal), and adjacent to (juxtavagal) the 
nocose ganglion; rarely, they are associated with 
the trunk of the vagus nerve inferior to the gan- 
glicn.' Review of the world literature through 1977 
revealed 125 reported cases of glomus vagale 
tumor.? 


The purpose of this paper is to analyze a series of 
patents with vagal body tumors treated by the 
authors in order to define preoperative diagnostic 
me*hods, the operative technique, intraoperative 
complications, recurrence rate, morbidity, and 
mo-tality. 


MATERIALS AND METHODS 


The charts of all patients admitted to the Otolar- 
yngology Service of the Mount Sinai Medical Center 
from 1972 to 1988 who were treated for a glomus 
vagale tumor by the authors were reviewed. The 
variables assessed included the preoperative radio- 
graphic findings; the occurrence of multicentric, 
ma ignant, functional, and familial lesions; the op- 
erative techniques employed; the incidence of com- 
plications; and the morbidity, mortality, and recur- 
rence rates. 


RESULTS 


А total of 18 patients were studied. The female/ 
ma.e ratio was 12:6. The age of the patients at the 
time of diagnosis ranged from 19 to 73 years, with a 
mean of 47 years. There was no significant dif- 
ference in the mean age between male and female 
patients. Multiple glomus tumors of the head and 
neck were present in seven of the 18 patients. Two 
patients had a carotid body tumor in association with 


the gamus vagale tumor; one patient had а jugulare 
tumor and vagal body tumor; three patients had a 
carotd body tumor, glomus jugulare tumor, and 
vagal body tumors; and one patient had bilateral 
vagaE tumors, bilateral carotid body tumors, and a 
subclavian body tumor. In five of the seven patients 
the presence of multiple chemodectomas was unex- 
ресієі and these other lesions were identified on 
arter ezraphy. A functional tumor was identified in 
one patient who also had multiple pheochromocy- 
toma: within the abdomen and chest. A familial 
histo-v was documented in two siblings, with a 
brother having carotid body and vagal body tumors 
and the sister having carotid body, vagal body, and 
glomzs jugulare tumors. This kindred represents 
two d ће seven multicentric cases. 


Climically, most patients presented with an asymp- 
toma-ic, slowly enlarging mass involving the para- 
phar-ngeal space, producing a bulge of the lateral 
рһаг-преа! wall and/or a palpable neck mass at the 
angle cf the mandible. One patient presented with 
an upper neck mass that on palpation produced a 
cough. Cranial nerve paralysis was present preoper- 
ative у in six of the 18 cases. The tenth nerve was 
paral;zed in six patients, the 12th nerve in four, and 
the lth nerve in three. Postoperatively, all 18 pa- 
tients had paralysis of the tenth nerve and 12 patients 
had peralysis or weakness of the 12th nerve. Four 
раіелёѕ had Horner's syndrome postoperatively. 


АГ cf the glomus vagale tumors on computed to- 
mography were ovoid in configuration. The smaller 
lesiors had a smooth contour, whereas the larger 
ones had a slightly lobulated surface. All of the 
tumar: were delineated clearly from the surround- 
ing sef--tissue planes. None of the glomus vagale tu- 
mors extended down into the carotid bifurcation, 
althaizh some of the larger lesions came close to 
this area. This was a distinguishing feature separat- 
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Fig 1. Axial postcontrast CT scan revealing large right 
parapharyngeal space mass (M). Lesion enhances homo- 
geneously, is ovoid, and is fairly well demarcated from ad- 
jacent soft tissues. Internal carotid artery is displaced an- 
teriorly (arrow). 


ing them from comparably sized carotid body tu- 
mors, which always completely filled the carotid bi- 
furcation. 


АП of the lesions enhanced on postcontrast CT 
scans. The smaller tumors had a fairly homogeneous 
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appearance, while the larger masses had a nonho- 
mogeneous internal architecture, with several low- 
attenuation cystlike regions that represented sites of 
hemorrhage and necrosis. The degree of enhance- 
ment on routine postcontrast CT scans was varia- 
ble, depending upon the technique of the CT scan- 
ning. Because these tumors are highly vascular, they 
accumulate the intravenous contrast material rap- 
idly; however, they just as rapidly “wash out" the 
contrast agent. Consequently, if the routine post- 
contrast CT scans are obtained too long after the 
contrast material is given, the true vascular nature 
of these tumors will be underestimated because of 
the appearance of only a moderate tumor enhance- 
ment. Conversely, if the CT scans are obtained as 
the contrast material starts to flow, these tumors 
will reveal a marked enhancement (Fig 1). 


The use of CT dynamic scanning allows study of 
the initial filling characteristics of a lesion. All of the 
glomus tumors had a characteristic highly vascular 
flow curve that distinguished them from such lesions 
as neuromas, minor salivary gland tumors, and 
lymphadenopathy’ (Fig 2). All of the tumors dis- 
placed either the internal carotid artery or both the 
external and internal carotid arteries anteriorly. This 
could be seen on CT, but was best identified by mag- 
netic resonance imaging and angiography (Fig 3). 


On MRI all of the glomus vagale tumors had an 
intermediate signal intensity on T1-, proton density, 
and T2-weighted images. In some of the T2-weighted 
scans, areas of bright signal intensity were present, 


Fig 2. CT dynamic scan. T represents tumor 
that enhanced on routine postcontrast CT 
scans. Graph shows change in attenuation 
within tumor versus time in seconds. Rapid 
filling and “washout” phases are typical of 
highly vascular lesions. Internal carotid 
artery is displaced anteriorly (arrow). 
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Fig 3. Lateral subtraction angiogram film from early ar- 
terial phase reveals anterior displacement of carotid arter- 
ies and rich tumor vascularity. Upper mass is glomus va- 
gale tumor. Smaller carotid body tumor fills carotid bifur- 
cation. 


giving a salt-and-pepper appearance to the lesion. 
The most characteristic findings were numerous 
serpiginous, channellike areas of low signal intensi- 
ty within the tumors that represented vascular flow 
voics. In all cases, the contour of these tumors was 
smooth and clearly delineated from the adjacent 
soft tissues (Fig 4). This last finding was a distin- 
guisning feature separating them from metastases 
(eg, hypernephroma, thyroid), which had vascular 
flow voids but infiltrating and clear contours. Mag- 
netic resonance imaging is the modality of choice in 
the initial evaluation and diagnosis of these tu- 
mors.* 


Preoperative arteriographic studies were diagnos- 
tic of a glomus vagale tumor in 17 of 18 cases іп 
which they were performed. The tumor extended to 
the skull base in 16 of 18 patients. In two patients 
the tumor was present in the midneck. 


There was clinical evidence of malignancy in four 
patients. Two patients had cervical node metastasis 
and n three patients there was histologic evidence 
of invasion of the wall of the carotid artery. 


The carotid artery was sacrificed deliberately in 
the taree patients with clinical evidence of carotid 
artery invasion. This was confirmed by subsequent 
histo-ogic examination of the resected specimens. In 
two cf these patients, base of skull erosion had been 
documented prior to surgery. In these two cases the 
carot.d artery was not replaced. In the third case a 
graft was used to reconstitute carotid flow. A fourth 
patient had injury to the carotid artery during the 





Fig +. Transverse proton density MRI scan reveals ovoid, 
left perapharyngeal space mass that is well delineated 
from adjacent soft tissues. Tumor has intermediate signal 
intensity with multiple vascular flow voids. Carotid ar- 
teri cre displaced anteriorly (arrows). 


dissection. The carotid in this patient also was re- 
placed with a graft. 


Four of six patients having tenth cranial nerve 
palsies preoperatively and lacking difficulty in de- 
glutitiom also had no dysphagia postoperatively. 
The twc patients with preoperative tenth nerve pa- 
ralysis and swallowing difficulties preoperatively 
continued with dysphagia postoperatively and re- 
quireé г cricopharyngeal myotomy and Teflon in- 
jection to improve deglutition. The remaining 12 
patiens who did not have a tenth nerve paralysis 
preoperatively, all had a vagal deficit postopera- 
tively. S x of these patients had sufficient postopera- 
tive dysphagia and aspiration to require postopera- 
tive cr:copharyngeal myotomy, followed in 1 week 
by a Te-lon injection to the paralyzed vocal cord. 
One petent who did not have a postoperative сгісо- 
pharyng>al myotomy or Teflon injection had mild 
difficu t» with deglutition but does not aspirate cur- 
rently. The remaining five patients underwent cri- 
copharvngeal myotomy primarily at the time of sur- 
gery. А Teflon injection to the paralyzed vocal cord 
was periormed postoperatively. All patients who 
had criccpharyngeal myotomy and Teflon injection 
were ао е to maintain their weight without evi- 
dence cf aspiration. 


A singe operative mortality occurred. This one 
death was secondary to erosion of the innominate 
artery эу the tracheotomy cannula on the eighth 
postoperative day. Follow-up examination of the 
remaining 17 patients revealed that one patient had 
died 2 wears following surgery, as a result of airway 
obstruction while eating. This patient had bilateral 
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tenth nerve paralyses. The first vagal nerve deficit 
resulted from an operative resection of a carotid 
body tumor, with the contralateral paralysis being 
the initial manifestation of the glomus vagale tumor. 


Clinical resection of the entire tumor appears to 
correlate with a high incidence of cure. Two pa- 
tients developed recurrent tumor. One patient ini- 
tially had clinical and histologic evidence of carotid 
artery invasion and skull base erosion. This patient 
demonstrated radiographic and histologic evidence 
of recurrence 12 months following resection. The 
second patient similarly had carotid artery invasion 
clinically and histologically, along with adjacent 
lymph node metastasis. This patient developed mul- 
tiple ipsilateral cervical lymph node metastases 10 
years following resection. The two other patients 
with malignant tumors are alive 7 and 9 years fol- 
lowing resection without evidence of recurrence. 
Radiation therapy was used postoperatively in one 
patient with evidence of skull base erosion and ca- 
rotid artery invasion. 


The surgical procedure performed in these 18 pa- 
tients included a transcervical approach in eight pa- 
tients, a transcervical approach with midline man- 
dibulotomy in eight patients, and a transmastoid 
cervical approach in two patients. 


DISCUSSION 


The glomus vagale tumor has a high incidence of 
cure by surgery. However, a number of variables 
must be considered in the decision-making process 
of selecting therapy in any individual case. This in- 
cludes in our series a 40% incidence of multiple tu- 
mors, a 33% incidence of tenth nerve involvement 
preoperatively, a 100% incidence of tenth nerve pa- 
ralysis postoperatively, and the risk of carotid ar- 
tery injury during resection of the tumor. 


Even though the glomus vagale tumor can be di- 
agnosed by the CT and MRI scans, arteriography is 
necessary to determine if there are other occult mul- 
ticentric tumors present. The knowledge that an ad- 
ditional glomus tumor is present may influence the 
treatment plan. This is related to the absolute 
necessity of avoiding bilateral tenth and 12th nerve 
paralyses. Therefore, patients with bilateral glomus 
tumors require careful assessment as to which tu- 
mor should be resected initially, or whether radio- 
therapy should be used in the management of one of 
the tumors. Patients with bilateral vagal body tu- 
mors should have resection of the larger tumor and 
irradiation of the smaller lesion. Patients having a 
contralateral glomus jugulare tumor without crani- 
al nerve palsies should have the temporal bone tu- 
mor treated by surgery first; if there is no tenth 
nerve paralysis postoperatively, then the opposite 
vagal tumor is resected. If the tenth or 12th nerve is 
injured during the glomus jugulare resection, then 
the contralateral vagal tumor should be irradiated. 


Similarly, a carotid body tumor should be resected 
initially, and if there is no postoperative paralysis of 
the tenth or 12th nerves, the contralateral vagal tu- 
mor should be resected. If injury to the tenth or 
12th nerve has occurred, then the contralateral tu- 
mor should be irradiated. 


The chance of operative injury to the carotid ar- 
tery increases as the size of the glomus vagale tumor 
increases. This is related to the fact that with en- 
largement of the tumor the internal carotid artery is 
displaced anteriorly and medially. Because of this 
medial deflection, the vessel runs posteriorly almost 
parallel to the base of the skull until it enters the ca- 
rotid foramen. All tumors in this series that measured 
5 cm or greater in diameter demonstrated signifi- 
cant carotid artery displacement. Resection of the 
tumor through a cervical approach in these cases 
would place the carotid artery at risk because of in- 
adequate exposure. Improved exposure is obtained 
through a midline mandibulotomy approach.? This 
provides direct exposure of the medially displaced 
carotid artery. It also facilitates separation of the 
tumor from the internal carotid artery at the skull 
base. Without this type of exposure, the risk of in- 
advertent carotid artery injury is increased signif- 
icantly. Tumors less than 5 cm in diameter fre- 
quently can be removed safely through a cervical 
approach without a mandibular osteotomy. On oc- 
casion, even with smaller tumors, exposure may be 
inadequate through a cervical approach. Should 
this be the case, the incision is extended anteriorly 
and a midline mandibulotomy is performed. Expo- 
sure of the skull base through an osteotomy made at 
the angle of the mandible is poor compared to that 
provided by a midline osteotomy. 


The lateral cervical transmastoid approach em- 
ployed with glomus jugulare tumors gives limited 
exposure of large glomus vagale tumors. Another 
disadvantage of this operative approach is the ac- 
companying facial nerve paralysis. 


With noninvasive glomus vagale tumors, the ca- 
rotid artery can be separated readily from the cap- 
sule of the tumor. In three patients, the vagal tumor 
was suspected of being malignant clinically since 
the carotid artery and tumor could not be separated 
easily. Histologic study confirmed invasion of the 
vessel wall by the tumor. When this occurs, the ca- 
rotid artery has to be sacrificed in order to remove 
the glomus tumor. If the distal carotid artery can be 
isolated, a saphenous vein graft can be used to re- 
place the resected arterial segment. This was per- 
formed in one of these cases of invasion. In two pa- 
tients the carotid artery was resected without re- 
placement. In both of these cases, invasion of the 
carotid artery was suspected on arteriography be- 
cause of no flow through the vessel in one patient 
and decreased flow in the other patient. This may 
explain why there were no neurologic sequelae post- 
operatively in these two patients. It is our policy to 
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resect the carotid artery if there is evidence of clin- 
ical nvasion of the vessel by tumor. A fourth pa- 
tient had inadvertent injury to the carotid artery re- 
quirmg graft replacement. 


The morbidity of resection of the vagus nerve is 
signi icant. If the patient has a preexisting vagus 
nerve paralysis and has no difficulty in deglutition, 
one can anticipate that there will be no dysphagia 
postaperatively. All other patients will have signifi- 
cant difficulty in swallowing and associated aspira- 
tion. А few patients in time will adapt and be able 
to swallow without aspiration. The complications 
related to aspiration and delayed deglutition can be 
avoiced by performing a cricopharyngeal myotomy 
at the time of surgery and a Teflon injection of the 
paralvzed vocal cord 1 week postoperatively. These 
adjunctive measures do not totally restore normal 
deglucition but will allow the patient to gain weight 
and to swallow without aspiration. 


Irradiation in the treatment of nonchromaffin 
paragangliomas of the head and neck has been 
showa to be effective. Mitchell and Clyne* reported 
two cases of glomus vagale tumors that disappeared 
30 menths after treatment with 5,000 to 5,500 R. 
Mendenhall et al? described a patient with a vagal 
body tumor treated with 4,500 R in whom there 
was по progression of growth after 2 years. In the 
presert series, three patients were treated with 
radiofherapy. One patient with a contralateral 
glomus vagale tumor treated with irradiation shows 
only a minimal increase in tumor size after 10 vears. 
The second patient received postoperative irradia- 
tion fer residual tumor present at the eroded skull 
base, ¿nd the third patient received irradiation for a 
recurrence at 1 year. We agree with Wang? that 
these tumors should be treated primarily by surgery 
if ope-able. Although it may be difficult to assess 
the long-term efficacy of radiotherapy, there is suf- 
ficient evidence of its effectiveness to warrant use of 
this modality in selected patients. 


The degree of intraoperative bleeding encoun- 
tered with the vagal body tumor, as opposed to the 
carotie body tumor or glomus jugulare tumor, is not 
excessive and does not warrant preoperative emboli- 
zation. Ligation of the external carotid artery serves 
to devascularize much of the tumor. The tumor can 
be dissected from the carotid artery relatively easi- 
ly, unEss it is locally malignant with infiltration of 
the vesel wall. A potential major source of bleeding 
is from injury to the internal jugular vein, which 
may be adherent to the lesion and should be exposed 
widely and mobilized. If the jugular vein is avulsed 
at the foramen, bleeding is controlled by packing 
with surgical Gelfoam. 


CONCLUSIONS 
While imaging by CT and MRI is highly diag- 


nostic 3f vagal body tumors, angiography is impor- 
tant in cetecting occult multicentric tumors. Arteri- 
ograply also gives information about internal ca- 
rotid artery patency and flow, which if diminished 
are sug gestive of vascular invasion. 


Vag-l body tumors may show evidence of malig- 
nancy эх lymph node metastasis (two cases) or local 
invasion of the carotid artery or skull base (three 
cases; incidence of 22% in our series.) 


Large vagal body tumors (greater than 5 cm) are 
associa ed with marked displacement of the inter- 
nal caretid artery. This factor, along with the abili- 
ty of this tumor to invade the vessel wall, carries a 
significamt risk of vascular injury. This was observed 
in four cf 18 patients (22%). When surgery of a 
vagal Indy tumor is contemplated, provision must 
be mac for vascular repair or graft replacement. 


The reported rate of multicentric vagal chemcdec- 
tomas is ebout 10% .? In our series it was 38% . This 
significant increase over the generally reported oc- 
currenc= rate is in some measure due to inclusion of 
two farrilial cases (which carries a higher incidence 
of mult®ccal tumors), a widespread use of diagnos- 
tic angbgraphy that reveals other occult lesions, 
and a sempling factor based on patient referral. 


Excis юп of a vagal body tumor results universally 
in parak:is of the tenth cranial nerve. All patients 
experierc? dysphagia postoperatively except those 
having a tenth nerve deficit without swallowing 
difficult; preoperatively. Because of this postopera- 
tive diffculty in deglutition and the tendency to as- 
piration eonsideration must be given to performing 
a cricopaaryngeal myotomy at the time of the pri- 
mary su-gery to facilitate rehabilitation. Teflon in- 
jection cf the paralyzed vocal cord is performed 1 
week later for voice improvement and to diminish 
aspiration. 


While s 1rgical excision is the treatment of choice 
for vagal body tumors, management should be 
modifiec in those patients having contralateral che- 
modectomas to avoid the development of bilateral 
tenth or 12th cranial nerve palsies with the destruc- 
tive consequences to the patient. This may lead to 
the use оғ radiotherapy rather than surgery in those 
patients vno have a contralateral tenth and/or 12th 
nerve pa-zlysis. 


The or erative procedure of choice for the remov- 
al of large vagal body tumors is through the median 
mandibu ctomy. This procedure provides direct ac- 
cess to the skull base and parapharyngeal space 
with wice exposure of the internal carotid artery, 
facilitating tumor resection and also vascular repair 
replacement should vessel injury or transection oc- 
cur. 
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NINDS NOTES* 


NEW NAME, RESPONSIBILITIES FOR NINCDS 


The National Institute of Neurological and Communicative Disorders and Stroke has now become the National Institute of 
Neurological Disorders and Stroke (NINDS) with the creation of a new institute to oversee federal research on communicative disorders. 


NINDS director Dr Murray Goldstein has named deputy director Dr Roger J. Porter to oversee the smooth transfer of responsibilities 
for studies in hearing loss and communicative disorders to the new National Institute on Deafness and Other Communicative Disorders 
(NIDCD). 


Dr Jay Moskowitz, associate director for science policy and legislation for the National Institutes of Health, has been appointed acting 
director of the new institute. He will coordinate the search for a permanent director while managing the NIDCD staff currently being 
assembled. 


Information about specific changes in NINDS grant management responsibilities will be available at a later date. 


NINDS REVISES INTRAMURAL RESEARCH TRAINING PROGRAMS GUIDE 


The National Institute of Neurological Disorders and Stroke has revised its guide to intramural research and training awards for basic 
and clinical studies in the neurosciences. The updated publication outlines on-campus studies and training opportunities such as the Staff 
Fellowship, Medical Staff Fellowship, Intramural Research Training Award, and Visiting Fellow programs, as well as programs available 
to students. 


Single copies of NINDS Intramural Research Training Programs may be obtained from Office of Scientific and Health Reports, 
NINDS, Bldg 31, Rm 8A16, Bethesda, MD 20892; (301) 496-5751. 


* This information is prepared monthly by the Office of Scientific and Health Reports, NINDS, NIH, Bldg 31, Rm 8A-06, Bethesda, MD 20892; (301) 
496-5924. 
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MANAGEMENT OF PATIENTS WITH G_OTTIC AND SUBGLOTTIC 
STENOSIS RESULTING FROM THERMAL BURNS 
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A series ef 1] laryngeal burn patients is reviewed. Various methods of lar-nzeal burn management are detailed, including steroid 
usage. laser therapy, and reconstruction with local flaps, grafts, and stents. 


KEY WORDS — glottic stenosis, laryngeal burns, subglottic stenosis. 


Complications of the respiratory tract in burn pa- 
tients are a major cause of morbidity and mortality. 
Some series report that such complications cause 
greater then 80% of the fatalities in burn units.' 
While an abundance of literature has been pub- 
lished on the acute management of airway burns, 
few studies deal with the unique problems of man- 
aging patients who have survived their burns but 
are left wita a compromised upper airway. Further- 
more, burr injuries to the glottic and subglottic re- 
gion have features that make them distinct from in- 
jury to the lower trachea, bronchi, and lungs. The 
charts of 11 patients with glottic or subglottic ste- 
nosis resulting from thermal burns were reviewed 
from the records of the Massachusetts Eye and Ear 
Infirmary and Massachusetts General Hospital be- 
tween 196€ and 1987. 


CASE REPORTS 


Cese 1. А 19-year-old woman suffered a 5% total 
body area (TBA) burn to face and hands in a college 
dormitory äre. She was never intubated. Fourteen 
weeks after her injury, she presented with progres- 
sive stridor and dysphonia requiring a tracheotomy. 
Laryngosccpy revealed a posterior laryngeal web 
with circumferential polypoidal subglottic stenosis 
to 1 em belew the cords. Multiple attempts at endo- 
scopic microcautery and dilatation failed. The pa- 
tient then was referred to us. An open laryngofis- 
sure with insertion of a T-tube was the definitive 
corrective procedure. She was decannulated with a 
good voice 3 months after this procedure and 7 
years after her injury. A total of 14 operative proce- 
dures were performed. 


Case 2. A 79-year-old man suffered a 30% TBA 
burn to the head and neck in a building fire. The pa- 
tient suffered inhalation injury and was intubated 
for 2 weeks. He failed extubation and required a tra- 
cheotomy. Laryngoscopy revealed a posterior glottic 
web with circumferential subglottic stenosis to 1.5 





cm Беу the cords. Multiple attempts at suspension 
microBryngoscopy and laser surgery were unsuccess- 
ful. Twe laryngofissures with laryngeal stent failed. 
An oper. cricotracheal fissure with placement of a 
T-tube was the definitive corrective procedure. The 
patien was decannulated with speech 3 years after 
the dednitive procedure and 5 years after his injury. 
A tota. cf 17 operative procedures were performed. 


Case 3. A 19-year-old man suffered a 70% TBA 
burn in a bomb explosion. He suffered inhalation 
injury and was intubated 38 days. The patient devel- 
oped a t-acheoesophageal fistula at the cricotrache- 
al junction. This was repaired by rotation of a tra- 
cheal macosa flap and use of a T-tube. The patient 
was decannulated with good speech 2 years after his 
injury. He had a total of two operative procedures. 


Case 4. A 41-year-old man was seriously burned 
in a camper explosion. He suffered inhalation injury 
and wzs intubated for 1 week. He failed extubation, 
and a tracheotomy was performed. Laryngoscopy 
showee normal vocal cords with circumferential 
subglo-tic stenosis to 2 cm below the cords. Ап en- 
doscop.c laser procedure and subsequent open re- 
sectiom of tracheal ring 1 with reanastomosis failed. 
The patient then was referred to us. Creation of a 
cricotracheal fissure with placement of a T-tube 
was the definitive corrective procedure. The patient 
was decannulated with good speech 3 years after 
the dedmitive procedure and 6 years after the in- 
jury. А total of six procedures were performed. 


Case £. А 9-year-old boy sustained an iatrogenic 
burn f am circumferential cryosurgery for a mild 
case of j 1ivenile papillomatosis. He required a tra- 
cheotomy and was never intubated. Laryngoscopy 
showec anterior and posterior laryngeal webs with 
mild subzlottic stenosis. Two open procedures with 
laryngea. keel failed. Creation of a laryngofissure 
with art»rior and posterior cricoid split and place- 
ment o a T-tube was the definitive corrective pro- 
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cedure. The patient was decannulated with a good 
voice 6 months after the definitive procedure and 7 
years after the burn. Eleven operative procedures 
were performed. 


Case 6. An 18-year-old man sustained a 10% 
TBA burn to the face and hands in a car fire. He 
was never intubated. Because airway problems 
were anticipated, a tracheotomy was done in the 
emergency room on the day of the injury. The pa- 
tient was decannulated 10 days after the injury 
without problems. The patient presented 2 months 
later with progressive stridor necessitating an 
emergency second tracheotomy. He also developed 
hypertrophic scarring on the skin of the face. Lar- 
yngoscopy revealed mild edema of the epiglottis, 
false cords, and true cords with severe circumferen- 
tial subglottic stenosis to 2 cm below the cords. A re- 
section of tracheal ring 1 was performed with tra- 
cheal reanastomosis, an anterior cricoid split, and 
placement of a T-tube. The patient was decannu- 
lated with good speech 3 months after his injury. 
Three operative procedures were performed. 


Case 7. А 10-year-old girl received a 40% TBA 
burn in a house fire. She developed inhalation in- 
jury and was intubated for 33 days. She failed extu- 
bation and required a tracheotomy. Laryngoscopy 
showed fibrous scar tissue in the supraglottis and a 
posterior glottic web with soft subglottic stenosis to 
1.5 em below the cords. Endoscopic dilatation and 
injection of the glottis and subglottis with Depo- 
Medrol was attempted. The patient was lost to fol- 
low-up before decannulation; however, she was tol- 
erating plugging of her tracheotomy tube at her last 
visit. 

Case 8. Ап 8-year-old boy suffered an 80% TBA 
burn in a house fire. The patient received a trache- 
otomy on the day of the injury and was not intu- 
bated. He had severe inhalation injury and devel- 
oped severe scarring around the mouth. Laryngos- 
copy showed anterior and posterior glottic webs 
with severe circumferential subglottic stenosis. The 
patient was lost to follow-up (he left the country) 
and is included to illustrate the pathologic findings 
associated with severe airway burns and also to 
highlight the fact that laryngeal webbing may 
develop in the absence of endotracheal intubation. 


Case 9. А 19-year-old woman sustained a 5% 
TBA burn to the hands and face in a college dormi- 
tory fire. She was not intubated. Progressive stridor 
necessitated a tracheotomy 6 weeks after her injury. 
Laryngoscopy showed a posterior glottic web with 
circumferential subglottic stenosis. Multiple at- 
tempts at endoscopic microcautery and dilatation 
failed. A cricotracheal fissure with lysis of the la- 
ryngeal web from below and placement of a T-tube 
was the definitive corrective procedure. The patient 
was decannulated with good speech 5 months after 
the definitive procedure and 5 years after the in- 
jury. She underwent 19 operative procedures. 


Case 10. А 25-year-old man sustained a 25% 
TBA burn in a house fire. He suffered inhalation in- 
jury and was intubated for 2 weeks. The patient 
was extubated; however, 6 months after the injury, 
progressive stridor necessitated a tracheotomy. 
Laryngoscopy showed a posterior glottic web and 
posterior subglottic stenosis 1 cm below the cords. 
The patient also exhibited hypertrophic scarring on 
his neck. Use of a laryngofissure and laryngeal stent 
was the definitive corrective procedure. The patient 
was decannulated with good speech 1 year after the 
injury. A total of three operative procedures were 
performed. 


Case 11. A 23-year-old man sustained a 10% 
TBA burn on the face and arms in a gasoline explo- 
sion. He received an inhalation injury and was intu- 
bated for 2 weeks. He was extubated successfully 
with an adequate airway; however, he was left 
with severe hoarseness. He never developed short- 
ness of breath and never required a tracheotomy. 
Laryngoscopy showed a posterior glottic web. A 
suspension microlaryngoscopy with laser lysis of the 
web and injection of Depo-Medrol corrected this 
problem. The patient only required one operative 
procedure and now has a good voice. This patient 
also exhibited hypertrophic scarring on the skin of 
his arms. 


DISCUSSION 


A burn injury to the glottis and subglottis differs 
from a burn injury to the more proximal trachea, 
bronchi, and lung parenchyma, in that thermal in- 
jury does not occur to any significant degree below 
the level of the larynx. This is believed to be due to 
the effective cooling of air by the upper airway and 
to reflex closure of the vocal cords from a blast of 
hot air.^? The exception to this would be burns 
from steam, which has 4,000 times the heat-carry- 
ing capacity of hot air or gas.? It is possible to have 
laryngeal burns in the absence of overt inhalation 
injury, as cases 1, 6, and 9 demonstrate; and this 
also has been demonstrated in laboratory animals.? 
Six of the 11 patients in this series were intubated 
for an average of 20 days; this likely played some 
role in the pathogenesis of their glottic and subglot- 
tic stenosis. On the basis of our clinical observation 
and review of the literature, there appear to be 
three causative factors in the pathophysiology of 
upper airway stenosis from burn injuries: 1) direct 
thermal injury, 2) toxic effects of the products of 
combustion of various substances, and 3) prolonged 
intubation. 


The most common injury seen was a posterior la- 
ryngeal web with subglottic stenosis. Animal studies 
have shown that in the acute phase different sites in 
the larynx and pharynx show differences in their 
tendency to swell.? The mucosae of the lateral hy- 
popharynx, aryepiglottic folds, false cords, and 
pharyngeal surface of the epiglottis acutely show 
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Cricoid split technique for repair of subglottic stenosis. A) Thyroid laminae cricoid, and first and second rings are exposed by 
retracting muscles laterally. B) Thyroid lamina is incised in vertical midline wita surgical blade or electric oscillating saw. C) Two 
thyroid laminae are separated with hooks exposing underlying soft tissue. Madine incision is made, increasing depth until small 
aperture is encountered. This almost invariably represents point just below ant=r or commissure. D) Posterior cricoid lamina is then 
incised. This can usually be accomplished with No. 10 surgical blade; however, if necessary, oscillating saw is used. Halves of 
posterior cricoid laminae are separated with hooks. E) Retraction of thyroic lamina is relaxed so that full-thickness segment of 
thyroid lamina can be obtained. Thyroid cartilage grafts should include both mmer and outer perichondrium. Very large graft can 
be taken from both thyroid laminae without damage to underlying structures, more than sufficient to widen both anterior and 
posterior cricoid. F) Fascia graft is tucked underneath cartilage grafts superior and inferiorly and secured in place with 3-0 Dexon 
suture material. С) Elliptically shaped cartilage graft is obtained from contralateral thyroid lamina. This is used to widen anterior 
cricoid arch. Graft is secured in place with one nonabsorbable suture such as -С Dermalene. Remainder of repair is accomplished 


with 2-0 or 3-0 Dexon suture material. 


significant swelling. The arytenoids, true cords, 
and subglottic area do not swell, yet these are the 
areas in our study in humans that are most prone to 
long-term scarring and stenosis formation. Intuba- 
tion alone cannot be responsible for this, as almost 
half of the patients in this series were never intu- 
bated. The factors responsible for the increased vul- 
nerability of the posterior and subglottic areas are 
not known. 


It is interesting to note that three of the 11 pa- 
tients in this series demonstrated hypertrophic scar- 


ring of tae skin; one could speculate as to whether 
there raizht be some predisposition on the part of 
the injured individual to form glottic or subglottic 
stenosis that is related to a tendency to form hyper- 
trophic scar tissue. 


Patien:s presenting with upper airway stenosis as 
a result cf burn injury are few in number, as is re- 
flected г the small percentage of total patients pre- 
senting for airway reconstruction. Review of the 
literature suggests that burn injury to the larynx 
might be more common; however, it seems to be 


30 Flexon et al, Laryngeal Burns 


rapidly fatal. Moritz et al,” trying to induce inhala- 
tion injury in laboratory animals, showed that dry 
hot air at 300°C caused massive gelatinous mucosal 
edema of the laryngopharynx, which caused death 
within minutes. An example of this type of injury 
can be found in the account of the Coconut Grove 
nightclub fire in Boston in 1942; of the 114 patients 
taken to Massachusetts General Hospital, 75 were 
dead on arrival or within minutes of arrival. The 
cause of death of these patients was carbon monox- 
ide poisoning and upper airway obstruction.*® 
Thus, laryngeal burns likely account for a signifi- 
cant group of patients who are dead on arrival at 
the hospital after thermal injury, but only a small 
group who present for upper airway repair. 


Management of glottic and subglottic stenosis 
from burn does not differ significantly from that of 
other forms of subglottic stenosis, other than the 
fact that the stenosis tends to be severe. This prob- 
ably explains why all eight of the patients success- 
fully decannulated required a major open proce- 
dure. Endoscopic attempts at laser surgery, dilata- 
tion, and microcautery were inadequate. There- 
fore, we recommend an early attempt at open re- 
pair. Microsuspension laryngoscopy and laser sur- 
gery was employed effectively as an adjuvant meth- 
od after an open procedure to remove small residual 
granulomas, which sometimes form. Steroids are 
used and believed to be beneficial, although direct 
proof of their efficacy is not available. Further- 
more, the above cases show that multiple pro- 
cedures are not uncommonly required to give these 
patients a good airway. Thus, one should persist in 
efforts to reconstruct the airways of these patients, 
as is typified in case 2, in which 17 procedures were 
performed to finally decannulate the patient. Also, 
it is helpful to the patient psychologically that he or 
she knows in advance that it may take many years 
before success is achieved. 


OUTLINE OF MANAGEMENT 


Patients being evaluated for glottic or subglottic 
stenosis are examined initially by indirect or fiber- 
optic laryngoscopy with the patient awake, and by 
direct laryngoscopy with the patient under general 


anesthesia. This allows the surgeon to determine the 
extent of injury and assess cord motion. High-qual- 
ity laryngeal tomograms are also essential in eval- 
uating these injuries; when these are not available, 
computed tomography can be helpful. In this series, 
if the glottic or subglottic stenosis was severe 
enough to require a tracheotomy, then an open pro- 
cedure ultimately was required. It is recommended 
that an open procedure be undertaken early, as 
multiple attempts at endoscopic procedures seldom 


are effective after an initial attempt obviously has 
failed. 


The details of the specific open surgical technique 
for repair have been published elsewhere®’; how- 
ever, certain points should be stressed. In severe 
stenosis, in which the mucous membrane has been 
replaced by fibrous tissue, this fibrous tissue must 
be removed to the level of the perichondrium. Then 
all denuded areas are resurfaced carefully with 
grafts from buccal mucosa, nasal septal membrane, 
supraclavicular full-thickness skin, or local mucosal 
flaps. This is one of the most critical aspects of a 
successful repair. Whenever possible the graft is 
sutured to the adjacent healthy mucosa; however, 
when this is not possible the graft may be attached 
to the stent and held in place. A silicone laryngeal 
stent or a tracheal T-tube serves as a bolster to hold 
the grafts in place and minimize motion of the 
larynx to allow healing. If the subglottic lumen is 
judged to be inadequate in size, an anterior or an- 
terior-posterior cricoid split can be performed with 
placement of a wedge of hyoid or thyroid cartilage 
(see Figure). Postoperatively, patients are given an- 
tibiotics and a short, tapered course of steroids. 


T-tube stents (Boston Medical Products, Walt- 
ham, Mass) remain in place 8 to 12 weeks. T-tubes 
or stents are removed in the operating room, and if 
at that time residual granulation tissue is seen, this 
is removed with instruments, cautery, or the laser 
and a T-tube is reinserted. When the airway is well 
healed, adequate, and without granulation tissue, 
the T-tube or stent is no longer needed and a sili- 
cone tracheal cannula is inserted. This should re- 
main plugged for at least a week before the patient 
is decannulated. 
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CARTILAGINOUS TUMORS OF THE TRACHEA AND LARYNX 
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Cartilaginous tumors of the larynx are uncommon, with approximately 250 а: уіпр been reported in the literature. Only 28% of these 
were chondrosarcomas, and the remainder, chondromas. Cartilaginous tumorsaeecur even more rarely in the trachea, with eight chon- 
dromas and four chondrosarcomas having been reported. A review of the literatume with an outline of a reasonable treatment philosophy 
for these tumors is presented, as well as three case reports of chondrosarcoma o: іле larynx and one of chondroma of the trachea, which 
demonstrate common characteristics of these tumors. We also describe a new -echnique used on one of these patients in which an 
autolegous rib cartilage graft and pyriform fossa mucosal flap are used to recoss ruct the cricoid ring after resection of more than two 
thirds of its circumference, allowing decannulation and good voice postoperatively. 


KEY WORDS — chondroma, chondrosarcoma, laryngeal neoplasms, tracteal neoplasms. 


INTRODUCTION 


Cartilaginous tumors of the larynx are uncom- 
mon, with approximately 250 having been reported 
in the literature"; 28% of these were chondrosar- 
comas": and the remainder were chondromas. 
The majority of these cases were in the English-lan- 
guage literature, and a review by Ferlito et а!" of 
the world literature demonstrated 149 cases of 
chor drosarcoma of the larynx without a review of 
the rumber of chondromas from the more extensive 
literature base. Further indication of the infrequen- 
cy of these tumors is found in a report from the 
Armed Forces Institute of Pathology'* in which over 
a 40-year period the authors found only 31 cases, 
and another report from the Massachusetts Eye and 
Ear Infirmarv," which showed only ten cases 
among 5,000 primary laryngeal neoplasms over a 
30-year period. Cartilaginous tumors occur even 
more rarely in the trachea, with only eight well- 
documented chondromas and four chondrosarco- 
mas aaving been reported.'* 


As with any entity that occurs so sporadically, it 
has been difficult to identify statistically the most 
effective treatment for these tumors. The opinion 
that conservative surgical removal of these tumors is 
the most appropriate treatment is widely held; 
however, there have been some dissenters to this 
opinion and a lack of long-term follow-up has been 
present in the majority of the case reports. In the 
following we will present a review of three cases of 
chondrosarcoma of the larynx and one case of chon- 
droma of the trachea that have not been published 
previously. In one of the case reports we present a 
new technique for reconstruction of the cricoid ring 
with autologous rib graft after excision of two thirds 
of its circumference. Following this, a review of the 


characteristics of these tumors in the literature and 
views om appropriate surgical management are pre- 
sented. 


CASE REPORTS 


Case 1. A 45-year-old man first presented with an 
11-mcn-h history of hoarseness that had been pro- 
gressive and then stabilized over the previous 5 
months. He denied pain, dysphagia, hemoptysis, 
neck razss, or dyspnea. Mirror examination showed 
the let vocal cord paralyzed in a lateral position. 
Direct laryngoscopy with biopsy of a posterior sub- 
glottic mass obtained a pathologic diagnosis of 
chondrcma (Fig 1A). A laryngofissure with enucle- 
ation ard curettage of a mass arising from the pos- 
terior Е mina of the cricoid was performed. Four 
months ater, the site was examined on direct laryn- 
goscopy and was found to be well healed without 
recurrer ce. 


The catient continued to do well without com- 
plaints on follow-up examinations up to 7 years 
postoperatively. Eight years postoperatively, he 
presented with a complaint of increasing dyspnea 
over the preceding 4 months. A direct laryngoscopy 
with b:cpsy and tracheostomy was performed, and 
again, caondroma was the diagnosis. Via thyroto- 
my, the -umor was removed piecemeal and the base 
curetted. A split-thickness skin graft was placed 
over a stent and the patient was again decannu- 
lated. У s airway and voice were functional until 6 
years after the second operation. He then presented 
with hezrseness and dyspnea. А conservation opera- 
tion was attempted a third time with removal of the 
tumor in a piecemeal fashion, which involved most 
of the Eft side of the cricoid cartilage and a portion 
of the ‘tryroid cartilage on the left. The pathology 
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Fig 1. Photomicrographs showing histologic characteristics of A) (case 1) chondroma resembling normal cartilage, and B) (case 2) 
chondrosarcoma (H & E). Note atypia of chondrocytes and multiple nuclei in lacuna. 


report on this occasion, however, was interpreted to 
indicate a low-grade chondrosarcoma, and a total 
laryngectomy was performed. The patient remained 
free of evidence of local recurrence until he died of 
pancreatic carcinoma 20 years after his original 
diagnosis. 


Case 2. А 76-year-old woman presented with a 
10-year history of dysphagia. She reported a 3- to 4- 
year history of increasing dysphagia and progressive 
upper airway obstruction. She also complained of 
increasing hoarseness and had had some episodes of 
choking and a feeling of something caught in her 
throat. Physical examination showed an emaciated 
patient with some stridor at rest. Indirect laryngos- 
copy showed a symmetrical postcricoid mass with 
mobile vocal cords. No cervical nodes or masses 
were noted. 


Ап attempt at biopsy by direct laryngoscopy with 
pyriform block anesthesia was unsuccessful because 
of hardness of the tumor. A tracheostomy followed 
by direct laryngoscopy with biopsy, under general 
anesthesia, obtained tissue interpreted as chondro- 
ma with cellular atypia. Because of the large size of 
the mass, the patient was returned to the operating 
room and a laryngectomy was performed. The pa- 
thology report on the entire specimen indicated 
low-grade chondrosarcoma (Fig 1B). The patient 
was doing well at her 1-month follow-up visit, but 
died at home of unknown causes shortly before she 
was due for a 3-month visit. 


Case 3. A 70-year-old man presented with a chief 
complaint of increasing hoarseness over the previ- 
ous 2 years, which he noted to be worse at the end 
of the day. He denied any other symptoms. Mirror 
examination showed an anterior, smooth subglottic 
mass. Direct laryngoscopy revealed a 2 x 1-cm firm 
subglottic mass that on biopsy was interpreted as a 


chondroma. 


On return to the operating room, the trachea was 
opened from below the level of the mass, which was 
found to be centered on the first tracheal ring. Exci- 
sion was carried out, including a rim of normal car- 
tilage that incorporated the lower portion of the an- 
terior cricoid. Closure of the defect was carried out 
by fashioning a Z-plasty of the remaining tracheal 
wall anteriorly and covering the closure with tem- 
poralis fascia to seal it. Four years later the patient 
is without evidence of recurrence. 


Case 4. А 59-year-old man presented with a com- 
plaint of hoarseness and dyspnea that had been 
gradually increasing in recent months. Two years 
prior to presentation he had been told of a subglot- 
tic narrowing that was noted on a routine surgical 
intubation with no further follow-up. Physical ex- 
amination showed a patient noticeably stridorous at 
rest, and mirror examination revealed an immobile 
right vocal cord with a large subglottic mass origi- 
nating posteriorly on the right and almost entirely 
occluding the airway. Direct laryngoscopy with bi- 
opsy was carried out following a local tracheosto- 
my. The biopsy diagnosis was low-grade chondro- 
sarcoma. Further evaluation was carried out with 
laryngeal tomograms and computed tomography 
(Fig 2A). 


The patient was returned to the operating room, 
and excision of the mass was carried out via thyroto- 
my. Excision, to include a cuff of normal tissue 
around the tumor, necessitated division of the cri- 
coid adjacent to the left cricoarytenoid joint posteri- 
orly and extending to the left side of the midline an- 
teriorly. Also excised were the right arytenoid carti- 
lage with a portion of the vocal cord and a small rim 
of thyroid cartilage. A piece of costal cartilage was 
then harvested with carving of one side to create a 
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F g 2. (Case 4) Computed tomographs of A) section through superior рогііогво` chondrosarcoma of cricoid cartilage and B) section 
through seme level, 7 months postoperatively, demonstrating rib graft reconstruction of cricoid ring and patent subglottic airway. 


space for a lumen. It was noted that this lumen 
would be madequate, and an additional segment of 
cartilage was carved to fit with the first piece in a 
dovetail fashion to enlarge the subglottic lumen 
(Fig 3). These segments were wired in place, and a 
linimg to totally cover the graft was obtained by un- 
dermining the pyriform fossa mucosa on the right 
side and extending this flap into the subglottic area 
with suturing to the tracheal mucosa and the anteri- 
or commissure on the opposite side. A soft laryngeal 
sten: was placed and was removed 2 weeks later. A 
stoma button was placed in the tracheostomy site, 
and the petient was discharged 1 week after stent 
removal with the button plugged. 


Two months postoperatively the patient returned 
with comp aints of increasing reliance on his stoma 
button for breathing. At that admission, a direct 
laryngoscopy showed a collection of subglottic 
granulatior tissue. Reopening of the trachea at the 
first ring allowed exploration and removal of the 
gramulatior tissue in addition to an extruding wire. 
Follewing this, the patient continued to do well 
with his stama button occluded, and he allowed us 
to remove it after he had had it continuously oc- 
cluded for 2 months. A repeat direct laryngoscopy 
and CT scan 7 months postoperatively (Fig 2B) 
showed the subglottic area well healed and with 
adequate lumen. Pulmonary function tests at that 
time-sshowed a forced expiratory volume in 1 second 
at 95% of expected level. Three years since the ini- 
tial procedure, the patient is doing well, with good 
voice quality and no evidence of recurrence. 


LITERATURE REVIEW 


Anatomic Location. The incidences of site of ori- 
gin eppear to be the same for chondromas and 
chondrosareomas of the larynx, with approximately 
70% involving the cricoid cartilage, most of these 
involving the posterolateral portion. Approximately 
20% were ‘ound to involve the thyroid cartilage, 


followed in descending order of frequency by the 
arytenaids, vocal cords, and epiglottis.'? The few 
tracheal tumors have been distributed fairly evenly 
among ће upper, middle, and lower thirds. '8 


Inc:d?nce. As mentioned above, these tumors are 
uncommon, representing less than 1% of all tumors 
of the larynx. The percentage of chondrosarcomas 
among the cartilaginous tumors of the larynx has in- 
creased in recent reports, probably because of in- 
creased confidence оп the part of the pathologists 
making the diagnosis. A male preponderance of 
rough.y three or four to one has been reported for 
both th»? malignant and benign lesions of the lar- 
ynx*'* end appears to exist as well for those of the 
trachea '* The age range for patients with chondro- 
mas o: the larynx is reported to be from 56 days to 
81 years, with an average of 49 years of age at 
ргеѕепёгііоп.! The range for chondrosarcoma is 
from 53 years to 91 years of age, with an average 
age of £9 years.'?''^ Similar lesions of the trachea 
show г eomparable age distribution. 


Causation. No definite cause has been related to 
development of cartilaginous tumors. The higher 
incidence between the ages of 40 and 60 years has 
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Fig 3. Artist's depiction of cricoid reconstruction. 


34 Neis et al, Cartilaginous Tumors 


led to speculation that their development may be 
related to disorders of ossification of the laryngeal 
cartilages, which begins most commonly in this age 
group. Also postulated have been a metaplasia sec- 
ondary to chronic inflammation, and a chondro- 
plastic predisposition on the part of certain connec- 
tive tissue cells arising from branchial tissue.'? 


Physical Diagnosis. A history of present illness 
will show the most frequent symptoms recorded by 
patients with laryngeal involvement to be voice al- 
teration, dyspnea, and dysphagia. Less frequently 
reported symptoms have included cough, hemopty- 
sis, feeling of neck pressure, and pain. The duration 
of symptoms prior to presentation varies from acute 
onset to 9 years in the reports, with the average be- 
ing from 1 to 2 years. Tracheal lesions will present 
most commonly with dyspnea or chronic cough, the 
presence of dyspnea suggesting occlusion of 75% or 
more of the tracheal lumen. 


Mirror examination most commonly will show a 
smooth, mucosa-covered mass in the posterior or 
lateral subglottic area. Occasionally, a mass will be 
palpable in the neck. Stridor is a common finding 
with both tracheal and laryngeal lesions. 


Radiographic Diagnosis. Chondroma or chondro- 
sarcoma usually appears on plain films of the neck 
as a discrete, smooth, soft tissue mass, contiguous 
with one of the laryngeal cartilages and usually 
with narrowing of the air column. Coarse macro- 
scopic calcification occurs in 75% of patients and, 
when present, is pathognomonic for this type of tu- 
mor.'? A barium swallow study may show a filling 
defect in the postcricoid area or in the pyriform 
fossa with a large cricoid lesion. The laryngogram, 
which has been listed in the past as a recommended 
study, is unlikely to give information not obtainable 
on CT or plain tomograms. Tomograms may be 
useful in showing the superior and inferior extent of 
the tumor in the coronal plane where that is not 
possible on CT.* Computed tomography has in re- 
cent years been the most valuable radiographic 
study because of its ability to show the size and ex- 
tent of the tumor and any possible invasion of sur- 
rounding structures. Although it has not been de- 
scribed, the use of magnetic resonance for imaging 
of these tumors may prove the most valuable meth- 
od in the future because of its likely ability to show 
the exact extent of the tumor and its ability to show 
good resolution in planes other than the axial. 


Pathologic Diagnosis. We would agree with Hy- 
ams and Rabuzzi'$ that there has been considerable 
confusion in the literature concerning classification 
of these tumors. In their simplified classification, 
cartilaginous tumors of the larynx were grouped on 
a histologic basis alone as either chondromas or 
chondrosarcomas. Classifications relating to ana- 
tomic origin (eg, ecchondroma or enchondroma) or 
terms such as osteochondroma (referring to the 


presence of areas of ossification within the tumor) 
have been dropped because of their irrelevance to 
the pathologic behavior of these tumors. By defini- 
tion, a chondroma histologically duplicates the nor- 
mal cartilage, be it elastic or hyaline in type. The 
chondroma may exhibit an increased cellularity, 
but the individual cells retain a uniform structure 
similar to that in normal cartilage. The criteria for 
diagnosis of chondrosarcoma were first set down by 
Lichtenstein and Jaffe," who reported that carti- 
lage tumor should no longer be regarded as benign 
if, when viable noncalcifying areas are examined, it 
shows, even in scattered fields, 1) many cells with 
plump nuclei, 2) more than an occasional cell with 
two such nuclei, and especially 3) giant cartilage 
cells with large single or multiple nuclei or with 
clumps of chromatin. 


The proper return of this diagnosis relies on the 
diligence of the pathologist in making a thorough 
search of the tumor, since the tumor characteristics 
follow the areas of most atypical appearance no 
matter how widely scattered. With adherence to 
the above criteria, it is evident that the histologic 
picture of these tumors does not have to be grossly 
or obviously sarcomatous for a diagnosis of chon- 
drosarcoma. The absence of mitotic figures is also 
not important, since cell division in chondrosar- 
comas tends to be amitotic. Vascular invasion can 
be seen with chondromas and thus cannot be used 
alone as a criterion for malignancy. The findings of 
neoplastic bone formation, mucoid degeneration, 
and increased vascularity are not uncommon in 
these malignant tumors and are not related to prog- 
nosis. There have not been any generally accepted 
criteria for further grading of chondrosarcomas; in 
fact, multiple grade classifications would be dif- 
ficult to standardize. However, a chondrosarcoma 
may be said to be of a higher grade on the basis of 
such criteria as increased cellularity, heterogeneous 
cell population by size and shape, nuclear hyper- 
chromia, and increased mitotic figures. 


Ferlito et al,'5 in a review of 149 cases of chon- 
drosarcoma, found 12 cases of metastasis, for a rate 
of 8%. Metastasis was usually via hematogenous 
routes, although four instances of cervical lymph 
node involvement were noted. Other sites of in- 
volvement included the lungs, kidneys, cervical 
spine, and subcutaneous nodules. Ап arterial tumor 
embolus was also reported. 


Treatment. Radiation does not appear to be a vi- 
able treatment option for either the benign or ma- 
lignant version of the cartilaginous tumor. Its ef- 
fects on chondrosarcoma have been reported as 
ranging from none at all to temporary symptomatic 
improvement without long-range benefit.''!57 
There has been no mention in the literature of any 
benefit from chemotherapy. 


Surgical excision generally is regarded as the main- 
stay of treatment, with the majority of authors agree- 
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ing that conservative surgery to retain laryngeal 
function is the most advisable method. Prior to ini- 
tiation of treatment an accurate diagnosis through 
bioosy is necessary. This usually will require a tra- 
cheostomy prior to direct laryngoscopy for biopsy, 
because of the inability to pass a tube past the rigid 
subglottic mass, as in cases 2 and 4. The biopsy itself 
may be difficult because of hardness of the tumor, 
anc occasionally even an open biopsy technique 
may be required. 


Conservative removal has been regarded as rea- 
sonable because of the slow growth of the cartilagi- 
nous tumors and their low propensity for metasta- 
sizing. Some reports'^?'?? have shown significant 
recurrence rates following initial surgery. This may 
be due to a tendency in the past to remove these tu- 
mors piecemeal with curettage of the tumor bed 
anc no attempt to obtain a margin of normal tissue 
wita the specimen. More sophisticated surgical 
techniques with excision of a free margin of normal 
tissue, still allowing preservation of the framework 
of the larynx, may yield a lower recurrence follow- 
ing first-time excision. Chambers and Friedel?! felt 
tha- the recurrence rate in the literature was unac- 
ceptable and that more aggressive surgical treat- 
ment of these tumors would be advised. On the 
other hand, Lavertu and Tucker'? showed that total 
laryngectomy provided a cure rate of 86%, while 
initial conservative surgery followed with further 
salvage surgery if necessary resulted in an ultimate 
cure rate of 77%, for no statistically significant dif- 
ference between the groups. 


I+ commonly has been quoted in the literature 
tha: excision of more than half of the cricoid carti- 
lage would not allow reconstruction of an adequate 
airvay,^'' and it has even been suggested that lar- 
yngectomy would be required if more than half of 
the cricoid cartilage should need to be sacrificed.? 
Other criteria for laryngectomy, recommended by 
Jones," include 1) a tumor so extensive that it 
would be impossible to remove it with sufficient la- 
rynzeal skeleton preserved to prevent collapse or 
stenosis, 2) recurrence of the lesion after previous 
conservative surgery, and 3) a chondrosarcoma 
clasified as a high-grade or anaplastic lesion. 
Huizenga and Balogh" also recommended laryn- 
gectomy to completely remove high grade tumors 
that were found to extend beyond the primary car- 
tilage into adjacent cartilage or esophageal wall. 


A limited endoscopic removal may be possible 
with the uncommon occurrence of a pedunculated 


chondroma located on the true or false cords or on 
the eciglottis.' Tracheal tumors also should be re- 
moved by excision of a rim of normal cartilage, and 
it shau d be noted that in the review by Arevalo et 
al'* tac only recurrences reported had been treated 
endoscopically. 


In maintaining an adequate airway following ex- 
cisior ef a cricoid tumor, Barsocchini and McCoy? 
repored that placement of a split-thickness skin 
graft over a stent following removal of less than half 
of the cricoid lamina was successful; however, in 
their case they preserved a thin rim of cricoid carti- 
lage. Lamiani and Tucker?! reported on excision of 
a chondroma of the cricoid cartilage, preserving the 
pericaendrium on the luminal surface of the cri- 
coid, and placement of an internal stent with sup- 
port зё the laryngeal skeleton externally by attach- 
ment of the first tracheal ring to the inferior cornu 
of the -hyroid cartilage. Their results showed ade- 
quate airway in two cases, but the excision had in- 
volved less than half of the cricoid cartilage, and the 
subper chondrial excision would be more difficult 
for larger tumors or those that arise from the poste- 
rior ст соіа lamina. Cantrell et al? reported on a 
techrique of reconstruction of the larynx, following 
excision of portions of the cricoid and thyroid car- 
Шаре for chondrosarcoma, by using an epiglottic 
flap. The amount of cricoid ring excision in the pa- 
tient ir. their case was approximately half, and at 
nearly 3 months postoperatively the patient was still 
unabee to tolerate decannulation because of an in- 
adeqazte airway. 


SUMMARY 


A concise review of pertinent information regard- 
ing the diagnosis and treatment of cartilaginous tu- 
mors »- the trachea and larynx has been assembled. 
Four rreviously unreported cases were presented 
that «hibited a number of characteristics of these 
tumors. Case 1 was an example of how chondroma 
of the larynx may be managed conservatively with- 
out compromising long-term results and represents 
the fast case in which a chondroma of the larvnx 
has been shown to degenerate into a chondrosarco- 
ma. ‘ase 3 represents the ninth well-documented 
case «f solitary chondroma of the tracheal wall in 
the lterature. A new surgical technique was de- 
scribed in case 4 that would allow reconstruction of 
the cricoid ring, after loss secondary to trauma or 
tumor of more than half its circumference, and 
would eave a functional voice and airway. 
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ADVANTAGES OF THE ROTARY DOOR FLAP IN 
LARYNGOTRACHEAL RECONSTRUCTION: 
IS SKELETAL SUPPORT NECESSARY? 
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Most attempts at laryngeal reconstruction have sought to reestablish skeleta sipport. Bone and cartilage grafts have been used for -his 
purpose, butthey have often failed to maintain position in the larynx and/or trachea following reconstruction, and they tend to be reab- 
sorbed. The rotary door flap can provide an undelayed, one-stage epithelial resurfacing of the larynx and trachea while simultaneously 
restaring luminal support without the need for transfer of cartilage or bone. :.:minal support for the trachea is provided by the bulk, 
turger, and anterior traction of the intact sternohyoid muscle, which serves as the earrier for the rotated skin island. During inspiration the 
inta t muscle, whose points of attachment are anterior to the plane of the laryux and trachea, contracts and tends to open the airway to 
provide dynamic luminal support. The need for internal stenting is minimized. The technique is described and experience in 20 patients is 


pres-nted. 


KEY WORDS — laryngeal stenosis, laryngotracheal reconstruction, myoeu-aneous flaps. 


INTRODUCTION 


The variety of techniques described for laryngo- 
traeheal (LT) reconstruction over the past 120 years 
reflects the severity of the problem and the high rate 
of complication and failure encountered in its man- 
agement. Most of these procedures have sought to re- 
stor? structural stability with skeletal support. When- 
eve’ tissue is brought in to widen the airway, it 
must be stabilized to prevent inspiratory indrawing 
anc collapse into the lumen. Steel wire, tantalum, 
glas, Vitalium, Lucite, and other plastic materials 
have been used in LT reconstruction with little suc- 
cess because of infection, rejection of the foreign 
material, cr restenosis.‘ Granulation tissue prolifer- 
atesif direct contact between the airway and the im- 
plart is permitted. Free homografts and local flaps 
with and without reinforcement have been used with 
limied suecess. Results were improved by trans- 
plarting composite free cartilaginous grafts covered 
by kin (auricle), mucous membrane (nasal sep- 
tums, or perichondrium (ribs).? The use of perioste- 
um with or without cortical bone as a free graft or 
pedicled flap has also been applied with success.?'* 
Mukistage reconstructions of the airway, construct- 
ing a gutter or trough while simultaneously prepar- 
ing cal or regional reinforced flaps, also have been 
usec.* Mos: of the aforementioned methods require 
prolonged aospitalization and multiple procedures 
and are freught with complications. Interposition- 
ing ef bone and cartilage to wedge the split posteri- 
or cricoid lamina or the separated free anterior 
marzins of the thyroid cartilage and the cricoid 
arch has been used with success.°’ 


During the past decade the rotary door flap (RDF), 
a loca. vascularized myocutaneous flap, was intro- 
ducec as a means to reconstruct extensive LT de- 
fects оз stenosis.*? This bipedicled flap is based on 
the imtact sternohyoid muscle with its overlying 
skin. When rotated 180? on its long axis it is incor- 
porated readily into the LT defect. It derives its 
blood supply from the superior and inferior thyroid 
arterie*. The venous drainage and neural supply are 
preserved. Its unique characteristics are its proximi- 
ty to the LT complex and its dynamic spatial and 
physislogic relationship with the airway, which 
precluce the need for staged procedures or for pro- 
longed internal support in LT reconstruction. 


The authors present their experience employing 
the RDF in reconstructing the larynx and the tra- 
chea af-er partial resection in tumor surgery and for 
stenosis in 20 patients. 


METHODS 


In be past 3 years, 20 patients have undergone 
LT rezenstruction at the Cleveland Clinic Founda- 
tion sang the sternohyoid myocutaneous RDF. 
Their ages ranged from 16 months to 77 years 
(mean age, 38 years). Eleven of 20 patients were fe- 
male. Seventeen of the patients underwent RDF re- 
constmi^tion for LT stenosis and three for immedi- 
ate reconstruction after extended partial laryngec- 
tomy “cr malignancy. 


Because of the severity of the stenoses, 15 of these 
17 pacisnts had tracheostomies that had been in 
place mm 6 to 82 months (mean, 25 months). The 
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Surgical technique. A) Incision lines drawn in preparation for reconstructing larynx and trachea by means of 
rotary door flap (RDF), together with revision of tracheostomy site when indicated. B) Laryngotracheal (LT) seg- 
ment that may require reconstruction in stenotic cases or that has to be replaced in conservation tumor surgery. 
Note use of superiorly based tracheal flap at revised tracheostomy site. C) RDF has been dissected and prepared for 
rotation into its new position in LT complex. D) RDF in its new position. Revised tracheostomy site is protected 
from above by muscular sling derived from contralateral sternohyoid muscle. RDF may extend down to 
tracheostomy site, in which case superiorly based flap could be designed from its inferior margins. 


two patients who did not have tracheostomies had 
severely limited exercise tolerance. Each patient 
had had from two to 30 previous surgical attempts 
at correction (mean, 7.3 procedures). Only five pa- 
tients were able to produce effective voice prior to 
RDF reconstruction. 


All of the stenoses were fibrotic. One was purely 
glottic, while six were glottic/subglottic. Nine oc- 
curred in the subglottis and trachea and one was 
purely tracheal. The length of the stenoses varied 
from 1 to 5 cm, with a mean of 2.8 cm. Ten were 
described as near total, five were thought to occlude 
80% of the airway, and two were thought to oc- 
clude 70%. 


SURGICAL TECHNIQUE 


The neck is extended and the skin is prepared and 
draped for surgery. The side of the neck least in- 
volved in previous trauma or surgery is selected for 


development of the flap. A vertical, paramedian 
RDF is delineated over the sternohyoid muscle, so 
situated that it will lie at the proper level and be of 
sufficient length to correct the anticipated LT ste- 
nosis (see Figure, A). Two longitudinal skin inci- 
sions are made, one on each side of the chosen ster- 
nohyoid muscle, approximately 2 to 2.5 cm apart. 
The integrity of the blood supply to the sternohyoid 
muscle through the superior and inferior thyroid 
arteries must be preserved. Interrupted absorbable 
sutures are placed along the margins of the RDF as 
soon as it has been incised to approximate the skin 
to the underlying muscle, thereby preventing shear- 
ing of the delicate blood supply to the skin of the 
flap during later manipulations. The midline inci- 
sion is carried between the strap muscles to expose 
the thyroid cartilage, cricoid arch, and trachea. An 
incision is made longitudinally through the stenosis 
into the lumen of the LT complex (see Figure, B). 
Scar tissue may be removed submucosally, either 
from the lateral wall or through an additional 
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midline iacision in the posterior wall. The mucous 
membrare is replaced after the underlying scar 
tissue ha: been removed. Any other appropriate 
technique such as posterior cricoid split may be car- 
ried out. The enlarged lumen is stabilized with an 
oversized silicone T-tube, the upper end of which 
should be at least 4 mm below the glottis. If a glottic 
stent is needed, one can be fitted like a cork into the 
upper opening of the T-tube, extending into the 
supraglotic region. Recently the authors have 
employed their newly designed vented laryngeal 
stent whenever appropriate.'^ The oversized stent 
displaces the walls of the larynx, and the resulting 
gap is filled by the RDF. The anterior wall of the 
airway may be reconstructed by the RDF alone or 
in combination with an epiglottic pull-down." 


It is important to mobilize the sternohyoid mus- 
cle along ‘ts entire length from its origin at the ster- 
num to its insertion at the hyoid bone (see Figure, 
C). There is no need to expose the two nutrient ar- 
teries that are embedded in areolar tissue under the 
deep layer of cervical fascia. Release of tension to 
permit 18)? rotation is achieved by careful dissec- 
tion of the deep cervical fascia on the anterior bor- 
der of the sternocleidomastoid muscle. Vessels are 
left intact whenever possible, as preservation of 
veins is as important as maintenance of the arterial 
supply. 

The RDF is rotated into position on its longitudi- 
nal axis. The flap is trimmed and placed with the 
skin surfaee down over the opening in the airway 
(see Figure, D). Absorbable polyglycolic acid su- 
tures are placed to join the free mucosal edges to the 
dermal mzrgins of the flap. The sutures are passed 
through ar.d tagged along each suture line separate- 
ly, and tied down together with the knots away 
from the Iumen. When necessary, the most inferior 
portion of the RDF may reach out from within the 
lumen to form the upper margin of the tracheosto- 
my site. It is sutured to the skin flaps that close the 
cervical weund. 


Suction drains are placed bilaterally. The adja- 
cent neck skin is undermined and advanced medial- 
ly to cover the defect over the LT complex, and the 
paramedian incision line is closed in layers. A naso- 
gastric tube is placed and usually can be removed 
on the secend or third postoperative day. Prophy- 
lactic antibiotics are used for 48 hours. The stent or 
T-tube is removed 4 to 6 weeks postoperatively. Fol- 
lowing removal of the T-tube, a small tracheostomy 
tube is placed and corked as tolerated. It can be re- 
moved after 7 to 14 days of good airway function 
with the tube corked. Occasionally, secondary en- 
doscopic procedures are required to trim granula- 
tion tissue, especially at the tracheostomy site or 
along the margins of the intraluminal mucocutane- 
ous junctioa. 


RESULTS 


There were nine complications among 20 pa- 


tients, six immediate and three delayed. In one pa- 
tient the T-tube malfunctioned and an endoscopic 
procedure was required to replace it on the fourth 
postererative day. One patient developed a hema- 
tome that was aspirated on the fourth postoperative 
day ar d required no further attention. One patient 
deve'aped cellulitis on the tenth postoperative day, 
5 davs after having been discharged, and was read- 
mitted for 5 days of intravenous antibiotics. An- 
othe- patient developed a wound infection that re- 
quired 2 extra weeks of hospitalization before heal- 
ing. Two patients developed LT-cutaneous fistulas 
that required 1 extra week in the hospital in one 
case aad 3 extra weeks in the other. Both closed 
spontaneously. Two of the late complications in- 
volved an overly generous RDF that sagged into the 
trackeal lumen. Open revision surgery was required 
in опе patient 5 months after the initial operation, 
while the other was treated with laser surgery ap- 
proximately 3 months after the operation. The third 
late complication was the development of granula- 
tion tissue around the flap within the laryngeal lu- 
men, which required laser surgery on three occa- 
sions. and in spite of this the patient redeveloped 
stenosis. 


Теа of the 20 patients were decannulated suc- 
cessfulby from 1 to 12 months postoperatively. Eight 
of these patients were decannulated by the fourth 
monta. The youngest patient (16 months) was fol- 
lowec 1р with her cannula in place for 12 months 
before closure of the tracheostoma to assure that 
adequate laryngeal growth was occurring. One pa- 
tient kept his cannula for 9 months to allow for ad- 
minis ration of anesthesia required for several re- 
constmuctive procedures performed for his upper 
body and cervical-facial burns. Two patients who 
had REF reconstruction after surgery for squamous 
cell carzinoma of the larynx both аге in this group 
of successfully decannulated patients. 


Among the ten patients who still have cannulas in 
place, there are two patients who keep their tubes 
pluggec at all times but simply refuse to have them 
removed. Two patients are in the process of being 
decanaulated 3 and 4 months after reconstruction, 
respectively. One patient has not returned for fol- 
low-up 2'/, years after reconstruction. Telephone 
contact with neighbors reveals that he still wears a 
tracheostomy tube. One patient has other related 
oropharyngeal disorders and it has been decided to 
leave her tracheostomy tube in place until that pro- 
cess resclves. One patient has a concurrent thoracic 
tracheal stenosis and will be decannulated at the 
time of :ts repair. A patient who was reconstructed 
with tac RDF after resection of a cricoid cartilage 
chondsosarcoma has had difficulty with bilateral 
arytenoid collapse into the airway after radiation 
therapy, and it has been necessary to maintain the 
trachees-omy to date, 1 year postoperatively. The 
patient who developed granulation tissue around 
the flap has been treated on several occasions with 
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laser surgery. She has a T-tube in place and is 
thought to have redeveloped a stenosis approxi- 
mately 1 year after reconstruction. The single pa- 
tient who was treated with laser surgery for flap re- 
dundancy has a T-tube in place and will be under- 
going repeat endoscopic evaluation for possible de- 
cannulation in the near future. 


All decannulated patients have normal exercise 
tolerance and have resumed their usual activities of 
daily living. Eighteen patients swallow normally; 
the two who occasionally aspirate thin liquids were 
noted also to have bilateral vocal cord paralysis on 
initial presentation. All 20 patients have functional 
voices, including those seven patients whose steno- 
ses involved the glottis. Five patients have normal 
voices, ten have voices that are diplophonic but of 
normal volume, and three have breathy but func- 
tional voices. 


Length of follow-up ranges from 3 months to 3 
years, with 12 of the patients having been followed 
for more than 1 year. 


DISCUSSION 


The RDF technique seems better than other sur- 
gical procedures, especially when performed on pa- 
tients in whom other operations have failed. It is a 
versatile and viable flap that has an almost 100% 
take even when postoperative infection or fistulas 
occur. With experience, such pitfalls as flaps that 
are too generous, suture lines that predispose to the 
formation of granulation tissue, and prolonged 
postoperative stenting have been avoided. 


The RDF does not collapse into the LT lumen. 
The lack of skeletal support is counteracted by dy- 





namic widening of the airway during inspiration 
and has not been the cause of inability to decannu- 
late any patient to date. Although decannulation 
has been accomplished in only ten of 20 patients, 
two more could be decannulated but for psycholog- 
ic dependence on their tracheostomy tubes, and we 
expect to be able to decannulate five of the remain- 
ing patients in the near future. Only one patient of 
the 20 has redeveloped LT stenosis. 


It is noted that when laryngeal or cervical trache- 
al stenosis is associated with a thoracic tracheal ste- 
nosis, the reconstruction should be staged, and the 
laryngeal or cervical tracheal portion should be 
done first. 


Revision of preexisting tracheostomy, by estab- 
lishing a self-sustaining "flap" tracheostomy, was 
included in several patients in this series. This tech- 
nique shortens the stenting period and allows early 
decannulation. Closure of the tracheostoma is 
achieved easily by reversing the flaps with use of 
local anesthesia. 


When the glottis must be stented postoperatively, 
a vented laryngeal stent is used. The stent allows 
phonation and prevents aspiration. 


CONCLUSION 


Seventeen patients with severe long-standing tra- 
cheal stenosis and three patients who underwent LT 
reconstruction after cancer surgery were recon- 
structed by means of the RDF technique. All have 
effective voices. Only one patient has redeveloped 
stenosis. There has been no compromise of swallow- 
ing function. This experience suggests that the RDF 
can be an effective technique for LT reconstruction. 
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SURGICAL CORRECTION OF DYSPHONIA DUE TO BOWING 
OF THE VOCAL CORDS 


JAMES A. KOUFMAN, MD 


WINSTON-SALEM, NORTH CAROLINA 


This report reviews laryngoplastic techniques for correction of bowing of tae vocal cords, with special consideration to the anatomic 
deta ls of the anterior commissure. I present a new technique in which the glottic gap is closed by bilateral medialization. This technique 
may be superior to those described previously, since the correction achieved at the time of surgery is maintained by the placement of 


Silastic. 


KEY WORDS — dysphonia, laryngoplastic phonosurgery, laryngoplasty. vocal cord bowing, vocal cord medialization. 


INTRODUCTION 


Eowing of the vocal cords may be due to atrophy, 
aging, bilateral superior laryngeal nerve paralysis, 
injudicious vocal cord surgery, or an idiopathic 
cause."? Bowing usually produces a dysphonia 
characterized by breathiness due to air escape; 
however, it can produce aphonia.* 


Isshiki et al57 were the first to suggest that bow- 
ing of the vocal cords could be treated successfully 
by a surgical approach. In 1983, they reported a 
technique in which a row of horizontal mattress 
sutures was placed between the thyroid and cricoid 
cartilages to tense the vocal cords (Fig 1A). They 
called this procedure "cricothyroid approximation" 
anc also used it to elevate the vocal pitch in women 
with androphonia and in men who had undergone 
ma e-to-female gender reassignment. While the im- 
mediate postoperative results seem to have been 
good, no long-term results have been reported. 


In 1983, LeJeune et al' reported a technique of 
anterior laryngoplasty designed to stretch and 
lenzthen the vocal cords. An inferiorly based 
paramedian flap of thyroid cartilage with the at- 
tached anterior commissure tendon was displaced 
anteriorly and secured by a tantalum shim (Fig 1B). 
Six cases were reported, with good results in two. 
Subsequently, LeJeune? reported a technique for in- 
creasing vocal cord tension by advancing the an- 
terior thyroid cartilage as a free flap (Fig 1D). 


In 1985, Tucker? reported a variation of the Le- 
Jeune technique in which a superiorly based flap 
wa: used (Fig 1C). This variation had the potential 
advantage of greater anterior displacement of the 
medial segment due to the increased thickness of the 
thyroid cartilage inferiorly. However, among the 
eight patients reported in whom this technique was 
usel, only three had maintained vocal improve- 


ment a: 6 months. 


One year later I reported a procedure for correct- 
ing unilateral vocal cord paralysis in three patients 
with vocal cord atrophy.? The procedure combined 
Tuckers anterior laryngoplastic technique’ with 
medial zation employing a Silastic implant?" 
Subsequently, the procedure was performed in two 
addit:onal patients. The vocal results in four of the 
five эгііепіѕ were excellent; however, since the 
anterior advancement and medialization were car- 
ried out simultaneously, I could not determine 
wheter the results of the combined procedure were 
superor to those of a medialization procedure 
alone. 


All taese techniques have been used both to cor- 
rect voeal cord bowing and, as a phonosurgical tech- 
nique, to increase vocal pitch. The latter indication 
is not specifically addressed in this presentation. 
The purpose of this paper is to present a new tech- 
nique — bilateral medialization laryngoplasty — 
for ccrrection of dysphonia secondary to vocal cord 
bowiag. This technique has been employed success- 
fully ir. three patients to date. The anatomic and 
practical advantages and disadvantages of this and 
the o her techniques will be discussed. 


SURGICAL TECHNIQUE 


The anterior neck is prepared and draped with 
the head in a neutral position. Local anesthesia is 
always employed so that voice quality can be tested 
intra»peratively. А 4- to 5-cm transverse incision is 
made over the middle part of the thyroid cartilage 
(Fig 2A). 


The midline raphe of the strap muscles is incised, 
and the muscles are reflected laterally to expose the 
thyrcic cartilage. The muscles should be dissected 
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bluntly from the cartilage, leaving the perichon- 

drium on the cartilage. 


A superiorly based flap is outlined. Its width 
should be approximately 8 mm in female patients 
and 10 mm in male patients, and it should extend to 
2 mm from the inferior border of the thyroid car- 
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Fig 1. Previously reported anterior laryn- 
goplastic procedures for correction of vocal 
cord bowing. A) Cricothyroid approxima- 
tion (Isshiki et alí). B) Inferiorly based 
anterior cartilage flap (LeJeune et al’). 
C) Superiorly based anterior cartilage flap 
(Tucker. D) Anterior commissure ad- 
vancement (LeJeune*). 


tilage (Fig 2A). With a No. 15 blade and an oscil- 
lating saw if necessary (Hall Micro, Division of 
Zimmer Corp, Santa Barbara, Calif), the window is 
cut through the thyroid cartilage. (The cartilage is 
two to three times thicker inferiorly than superior- 
ly, and it tends to be more densely calcified. In most 
cases, a saw is required for at least the horizontal in- 
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Fig 2. Technique of bilateral medialization laryngoplasty. A) Placement of skin and cartilage incisions; measurements for estima- 
tion of implant dimensions (glottic gap determines implant's thickness). B) Creation of subperichondrial (implant) pockets. C) Posi- 
tion of implants at completion of procedure. D) Modification for simultaneous vocal ligament lengthening (Koufman?). 
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Fig 3. Implant shapes used for bilateral medialization. a — 
anterior, p — posterior. 


ferio" cut.) Care must be taken to avoid perforating 
or tearing the inner thyroid perichondrium or dis- 
rupting the internal attachment of the anterior 
commissure tendon (Broyles’s ligament), which 
should remain attached to the cartilage flap. The 
internal pemichondrium should be elevated to create 
a pocket at the level of the vocal cord. A No. 4 Pen- 
field elevator (JJ335-04-H, Down Brothers and 
Mayer and Phelps Ltd, Niagara Falls, NY) is used. 
Dissection should not be carried above the 
mid—thyroid ајаг level (Fig 2A,B), nor should the 
pocket be teo large, since implant stabilization de- 
pends upon a reasonably snug fit. The medializa- 
tion implarrs are created out of block Silastic (Dow 
Corning Corp, Medical Products, Midland, Mich). 
The height and width of the implant can be approx- 
imated usinz two formulas: 


thyroid cartilage height (mm) 
4 

thyroid alar width (mm) 
2 


The thickness of the implant is determined by the 
required amount of medial displacement. Since 
overcorrection seems to be desirable, each of the im- 
plants shoud be about the same thickness as the 
glottic gap 'о be narrowed (Fig 2A). 


implant height (mm) = 


implant width (mm) = 


Although implant size can be estimated by the 
above methods, the optimal implant size must be 


Fig 4. Anterior commissure ten- 
don and its attzchments. A) Ante- 
rior commissur* tendon (Broyles's 
ligament) shown (black arrows) 
with anterior segment of thyroid 
cartilage removed. Large arrows 
show level of ar-erior commissure. 
B) Lateral view of attachments of 
anterior commissure tendon. Small 
arrows show relative thickness of 
thyroid cartilage (which is much 
thicker inferiory). Large arrows 
demonstrate level of anterior com- 
missure. 


determimed at surgery by repeated trimming or 
enlargmz of the implants. The implant can be ellip- 
tical or flat (Fig 3), and the shape should be deter- 
mined by the shape of the glottic gap to be closed. 


A 4-0 nylon suture may be placed through the 
antericr end of each implant to facilitate its 
removal if necessary. Each implant is introduced 
between the inner thyroid perichondrium and the 
thyroid cartilage, with the flat side placed against 
the carti age. Once the implants are in place, if the 
voice kas been substantially improved, transnasal 
fiberoptic laryngoscopy is performed. If glottic 
closure is complete with phonation and the airway 
is good, -he implants are left in place and the nylon 
sutures cre removed. 


Follewing implantation, the cartilage flap does 
not recu re stabilization. Simultaneous lengthening 
of the wozal ligaments with a tantalum shim is possi- 
ble with this technique (Fig 2D), as used in case 3 
below. Fven when an anterior advancement is not 
carried cut, the cartilage flap is still used to facil- 
itate the dissection and implantation of the Silastic. 
The urd-ained wound is closed in layers in a stan- 
dard fasl ion, and a light compressive dressing is ap- 
plied. 


CASE REPORTS 


Case `. A 32-year-old woman presented with 
aphonia. Two years earlier, she had undergone vo- 
cal cord »olypectomy for severe polypoid degenera- 
tion (Reinke’s edema). The operating surgeon had 
suspectec the cause of her condition to be vocal 
abuse, amd indeed, she had had a 9-year history of 
hoarseness before the polypectomy. The surgeon 
was unable to account for her postoperative apho- 
nia, and she was referred to a speech therapist, with 
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Fig 5. Bilateral medialization laryngoplasty using window 
technique (completed procedure). 


whom she underwent therapy for 6 months without 
benefit. 


At the time of referral to the Wake Forest Univer- 
sity Medical Center, examination of the patient 
revealed bowing of the vocal cords. Despite approx- 
imation of the arytenoid vocal processes, there was 
a 2-mm gap of the middle of the membranous 
cords, and she was aphonic. She was referred to our 
voice therapist for evaluation and treatment, and it 
was concluded that her lesion was due to an ana- 
tomic change. 


A bilateral medialization procedure was per- 
formed as described above. Bilateral Silastic im- 
plants were introduced through a superiorly based 
rectangular flap in the anterior thyroid cartilage. 
The preoperative glottic chink was estimated to be 
deficient by 2 mm, and so two implants 2 mm thick 
were placed, one on each side. At that time the pa- 
tients voice was restored. Manual anterior ad- 
vancement of the medial segment of the cartilage 
flap with a skin hook did not produce an improve- 
ment. Anterior fixation with a shim was not per- 
formed. 


The postoperative appearance of the larynx was 
normal; the postoperative voice has remained ex- 
cellent for 8 months. 


Case 2. A 3l-year-old man presented with a 
3-year history of aphonia. His medical history was 
unremarkable; he had no history of trauma, previ- 
ous surgery, or neurologic disease. His neurologic 
and neuropsychologic evaluations yielded normal 
findings, and voice therapy had provided no bene- 
fit. The presumed diagnosis was idiopathic bowing 
of the vocal cords. 


The preoperative glottic chink was deficient by 2 
mm, and a bilateral medialization procedure was 
performed with two implants 2 mm thick. The 
results have remained excellent for 6 months. 


Case 3. A 16-year-old girl presented with dys- 
phonia and bowing of the vocal cords. She had a 
history of psychomotor retardation secondary to 
brain damage incurred from an episode of Reye's 


syndrome when she was 5 years of age. She had re- 
ceived extensive speech therapy, but remained 
somewhat dysarthric and dysphonic. 


Examination revealed vocal cord bowing and a 2- 
to 3-mm glottic gap. The arytenoids failed to ap- 
proximate, but abduction was complete. A bilateral 
medialization was performed with two 2-mm Silas- 
tic implants. During the procedure, the voice 
seemed to be improved further by advancement of 
the anterior commissure cartilage flap, so a tan- 
talum shim was also introduced. Initially, there was 
complete glottic closure, but at 2 months some 
posterior air escape was again present. Although the 
postoperative voice had greater volume and im- 
proved quality of tone, it was not normal. The im- 
provement has been maintained for 6 months, but 
there is still day-to-day fluctuation in voice quality. 


Comment. Before operating on these three pa- 
tients, I had attempted to correct cord bowing in 
two other patients using the anterior advancement 
technique alone. Although the results were good 
initially, they were not long-lasting. 


Of the three cases presented here, the two pa- 
tients with the best results received medialization 
alone. The third case was more complicated, in that 
posterior glottic closure was incomplete and the 
degree of neurologic dysfunction in the patient was 
more global. Despite the fact that my experience to 
date is limited to these three cases, I would suggest 
that these results support medialization alone as the 
principal effective component in the correction of 
vocal cord bowing. For cases of simultaneous in- 
complete posterior glottic closure, the procedure 
may provide significant vocal improvement, but 
not a return to normal voice quality. 


DISCUSSION 


Previous reported attempts to correct bowing of 
the vocal cords have focused upon techniques de- 
signed to increase vocal cord tension.'?5* The 
"cricothyroid approximation" technique of Isshiki 
et al^ is dependent upon the placement of mattress 
sutures between the cartilages, which is technically 
difficult. Dr N. Isshiki suggests that these sutures 
are unlikely to maintain permanent tension in the 
vocal cords (personal communication). 


The techniques of LeJeune et al,'* which ad- 
vance a thyroid cartilage flap and Broyles's liga- 
ment, also present difficulties from an anatomic 
point of view.?*'? Broyles's ligament attaches the 
vocal apparatus anteriorly to the inner thyroid car- 
tilage by a narrow band of dense fibrous tissue that 
begins superiorly at the thyroid notch. At the level 
of the anterior commissure, the band thickens to 
about 2 mm and is firmly adherent to a shallow de- 
pression in the cartilage. Below this level, the band 
fans into two broad and less well-attached lateral 
bands, which merge with the conus elasticus (Fig 
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4A). In adeition, the inferior portion of the thyroid 
cart lage is 2 to 3 mm thicker than its superior por- 
tion (Fig 43). 


These ok servations suggest that of the previously 
repcrted aaterior laryngoplastic techniques, Tuck- 
er's* methcd is the most likely to succeed. When a 
superiorly based flap is used, the firmest attach- 
merts of B-oyles's ligament remain undisturbed and 
the greatest anterior displacement is achieved. 
However, ће ability of any of the anterior laryngo- 
plastic procedures to effect a lasting correction of 
vocal cordlaxity has not been demonstrated, as only 
three of tae eight cases reported by Tucker? had 
good long term results. Tucker? has suggested that 
the vocal igaments in such cases may lack normal 
elasticity => that vocal laxity may recur. The situa- 
tior is aralogous to that of face-lift procedures, 
which must be repeated because of tissue laxity.? 


The tecanique presented here represents an alter- 
nat ve me-hod of surgical correction, in which the 
glotic gep is closed by bilateral medialization 


rather than by vocal ligament lengthening. This ap- 
ргоасі в different and may yield improved results, 
since the degree of correction achieved at the time 
of opeetion is maintained by placement of space- 
occup~ing Silastic material. 


The potential disadvantages of this technique are 
graft m-ection and graft extrusion.'' Laryngeal per- 
foratier at the time of implantation is probably 
more ikely with use of an anterior approach, since 
the scft tissue covering is thin anteriorly. As an 
alternative, bilateral medialization could be carried 
out br the window approach (Fig 5) previously re- 
роге" 


On the basis of these preliminary findings, bilat- 
eral racdialization seems to hold promise as an ex- 
cellerz laryngoplastic method for correction of vo- 
cal cord bowing. There remains the need for the de- 
velop ment of new implant shapes and new tech- 
nique vf stabilization, as well as an objective meth- 
od fcr quantitating the optimal degree of glottic 
closu e. 
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ENDOSCOPY AND THE KTP/532 LASER FOR NASAL SINUS DISEASE 


HOWARD L. LEVINE, MD 


CLEVELAND, OHIO 


One hundred twenty-eight patients have undergone nasal/sinus operations using endoscopes and the KTP/532 laser. The pathologic 
processes have included turbinate dysfunction, nasal ethmoid polyps, hereditary hemorrhagic telangiectasia, granulomatous disease (sar- 
coid), nasal granulation secondary to cocaine abuse, and nasal papilloma. Early follow-up indicates rapid healing with minimal crusting, 
edema, scar formation, and complications and good resolution of disease. 


KEY WORDS — endoscopic nasal surgery, laser, sinus surgery. 


While some surgeons have performed intranasal 
laser operations using various laser modalities" 
(neodymium:yttrium aluminum garnet, carbon di- 
oxide, argon) with good results, the method of de- 
livering the laser energy, the choice of laser modali- 
ty, the ability to visualize the pathologic processes 
easily, and the entities best treated by the laser in 
the nose and paranasal sinuses have continued to be 
problems. 


Other lasers have had to be delivered through ar- 
ticulated arms, microscope beams, or bulky hand 
pieces, making their use cumbersome. For many of 
these, the laser would only be directed forward and 
it was difficult, if not impossible, to use the laser ac- 
curately on the medial and lateral walls. 


A relatively new visible light laser with frequency 
of 532 nm, the potassium-titanyl phosphate laser 
(KTP/532) has been used with nasal endoscopes for 
performing intranasal and intrasinus laser opera- 
tions. The nasal endoscopes (0°, 30°, 70°, 120° 
with 4-mm and 2.7-mm shafts) provide an illumi- 
nated, magnified view into the recesses and spaces 
of the nasal cavity. The KTP/532 laser is a surgical 
laser whose delivery system with noncontact and 
contact flexible fibers allows its use with the nasal 
endoscopes for intranasal surgery. It has the ability 
to cut, vaporize, and coagulate by varying the ex- 
posure effect through alterations in power, ex- 
posure time, and spot size. 


This paper describes the delivery systems, instru- 
mentation, pathologic processes, and preliminary 
results from the use of the KTP/532 laser within the 
nasal and sinus cavities. 


EQUIPMENT, INSTRUMENTATION, AND 
OPERATOR SAFETY 


The KTP/532 laser is an optically pumped, solid- 
state laser. It produces a visible 532-nm beam with 
an emerald green color. The beam produces lateral 
thermal damage (penetration) on tissues ranging 


from 0.3 mm to more than 2 mm, depending upon 
the exposure conditions. It is preferentially ab- 
sorbed by reddish pigments and, as a result, is effec- 
tive for coagulation.’ 


The aiming and surgical beams of the KTP/532 
laser are the same, resulting in high accuracy in 
contradistinction to those lasers using separate aim- 
ing and surgical beams that can become misaligned. 


The precision of the surgical effect for a par- 
ticular laser is the combination of 1) the ability of 
the delivery optics to focus the laser light to a small 
spot size and 2) the amount of scatter the particular 
laser produces at the target tissue. The CO2 laser is 
highly absorbed by water and tissues and therefore 
produces very little scatter of energy. The Nd:YAG 
laser is absorbed poorly by the tissue and has the 
greatest amount of scatter. The KTP/532 laser has 
an intermediate amount. The depth of thermal 
damage produced by the laser beyond the vaporiza- 
tion site is relative to the scatter. The Nd:YAG laser 
produced the most scatter, and the CO? the least. 
Given equal surgical conditions, the CO? laser 
generally will produce half as much tissue necrosis 
as the visible light laser, and the Nd:YAG twice as 
much. 


The degree of coagulation is partially dependent 
upon the amount of scatter. The visible light lasers 
are highly absorbed in hemoglobin and thus pro- 
duce less scatter than the Nd:YAG and less of a co- 
agulation. The СО? laser is principally a cutting 
and vaporizing laser, the Nd:YAG is mainly a coag- 
ulating laser, and the KTP/532 and argon lasers 
produce all three surgical effects. However, they do 
not vaporize and cut as fast as the СО? nor coagu- 
late as well as the Nd:YAG. 


The KTP/532 laser energy is delivered through 
flexible 400-um or 600-4m optical fibers into the 
nose by either of two basic instrumentation systems. 
The laser fibers may be inserted into channels that 
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Fig 1. A) Endoscope sheath through which laser fibers mey be passed. B) Close-up of tip. 


are part o^ a sheath through which the telescopes 
may pass ("ig 1). This allows the telescope and laser 
to be held as one unit and keeps the other hand free 
for suctioning, retracting, or holding tissue. This is 
best for working in areas directly in front of the 
telescopic ield of vision and when a hand must be 
free to maaipulate the tissue. Modifications of this 
sheath have allowed for manipulation of the laser 
tip (Fig 2). The sheath with telescope, laser, and at- 
tached suc-ion can be passed into the frontal, sphe- 
noic, or maxillary sinus. 


The other type of delivery and instrumentation 
system is the suction hand piece, which is separate 
from the telescope and has separate suction and 
laser fiber channels. These hand pieces have either 
modified bayonet-suction laser channels (Fig 3A) or 
angulated straight and curved suction laser chan- 


nels ‘Fig ЗЕ). 


These in:truments allow the delivery of the laser 
enerzy anc simultaneous suctioning of the subse- 
quert smoke to be controlled in one hand while the 
intranasal lesion is visualized through the nasal en- 
doscope in he other. The angulated and curved tip 
pieces perm it the laser energy to be delivered to the 
receses anc spaces of the lateral and medial walls of 
the rasal aad sinus cavities. These hand pieces al- 
low the laser energy to be delivered directly, rather 
than tangertially, to the various surfaces of the tur- 
binates, the roof, floor, and side walls of the nose 
and sinuses These hand pieces can be manipulated 
while the telescopes can be held separately in a sta- 


tionarv position. The choice of the lens angle of the 
telescer e and the choice of the hand piece depend 
upon Ғе area of the lesion that needs to be visual- 
ized and treated. 


An sve safety filter is attached to the nasal tele- 
scope to protect the surgeon's operating eye from 
the vsible wavelength laser. The opposite eye is 
protected with an eye safety monocle. For the sur- 
geon accustomed to performing endoscopic sinus 
surgery. the addition of the eye safety filter to the 
telesccpe alters the weight and balance of the endo- 
scope, but this is relatively easy to overcome after 
severa cases. Other operating room personnel and 
the patient protect their eyes with protective gog- 
gles. 


PATIENTS AND DISORDERS 


One hundred twenty-eight patients have under- 
gone e-ther partial or complete nasal/sinus surgery 
by the author with the KTP/532 laser (see Table). 
The pz:aologic processes for which the laser was 
used iacluded turbinate dysfunction (vasomotor 
rhinitis, allergic rhinitis, polypoid hypertrophic 
turbinetes), vascular disorders (hereditary hemor- 
гһаріс <clangiectasia, angiomatous polyps, heman- 
giomas , chronic sinus disorders (concha bullosa, 
nasal/e-:moid polyps, ostial obstruction, pyogenic 
granulema, granulation tissue secondary to cocaine 
abuse), nverted papilloma, and severe scarring 
(previo:s intranasal/sinus operations, sarcoid, 
Wegener's granulomatosis). 





Fig 2. A) Modified endoscopic sheath through which laser fibers may be passed ard angulated, also containing suction channels fcr 
smoke evacuation. B) Close-up of tip. 


48 Levine, KTP/532 Laser 





A 





Fig 3. Suction hand pieces with channels for directing laser beam and evacuating smoke. A) Modified bayonet-suction laser channel. 


B) Straight, angulated, and curved suction laser channels. 


PRINCIPLES OF SURGICAL TECHNIQUE 


The laser is used with the fiber in contact or near- 
contact to produce a small spot size (0.4 to 0.8 mm) 
at high wattage (9 to 12 W) to create a high power 
density when cutting through tissue and at a mod- 
erate to low power density (4 to 6 W) with a larger 
spot size (0.8 to 2 mm) to coagulate tissue. When 
vaporizing tissue, an intermediate power density is 
created with intermediate power (5 to 8 W) and a 
midrange (0.6 to 1.0 mm) laser spot, depending 
upon how much of a coagulating effect is desired. 


Before incision of any tissue with the laser in an 
area where there is potential bleeding from the tis- 
sue, the laser is used in a coagulating mode. This 
seals the surface vessels and allows the subsequent 
laser incision to be done in a relatively bloodless 
field. This is especially useful when removing the 
lateral or medial portion of a concha bullosa, trim- 
ming polypoid turbinates, or cutting across angio- 
matous polyps or neoplasms. 


Vascular lesions are approached from peripheral- 
ly to centrally with use of a coagulating power den- 
sity. The laser is used in a circular, rotating motion 
around the edges of the lesion, approaching the cen- 
tral vessel or vascular stalk last. This technique is 
most useful for treatment of hereditary hemorrhag- 
ic telangiectasia. 


PATHOLOGIC PROCESSES, SURGICAL 
TECHNIQUE, AND RESULTS 


Turbinate Dysfunction. There were 21 r atients 
with severe vasomotor rhinitis and eight with severe 
allergic rhinitis. All were refractory to combina- 
tions of antihistamines, decongestants, and corti- 
sone nasal sprays before being treated with the 
KTP/532 laser. The turbinates appeared pale, bog- 
gy, and edematous and were easily shrunk with de- 
congestant sprays. The surface was vaporized and 
coagulated with an intermediate power density of 6 
to 8 W and a very slightly defocused medium spot 
size. The anterior one half to two thirds of the infe- 
rior turbinate was photocoagulated by crosshatch- 


ing the mucosa from anterior to posterior and then 
from superior to inferior. The inferior surface and 
portions of the medial turbinate surface also were 
photocoagulated (Fig 4). With this crosshatching 
method, small islands of epithelium were left to aid 
in the epithelialization phase of healing. When the 
middle turbinate appeared to be involved clinical- 
ly, it, too, was photocoagulated. The flexible fibers 
of the KTP/532 laser allowed thorough photocoagu- 
lation of the surfaces of the turbinate without injury 
to the adjacent structures. 


Of the 21 patients with vasomotor rhinitis and 
eight patients with allergic rhinitis treated, none 
had postoperative complications of synechia, hem- 
orrhage, or atrophy. Healing with visual appear- 
ance of complete epithelialization occurred within 


DISORDERS PROMPTING USE OF KTP/532 
LASER IN 128 PATIENTS 








No. of 

Disorder Patients 
Turbinate dysfunction 

Vasomotor rhinitis 21 

Allergic rhinitis 8 

Polypoid hypertrophy 4 
Vascular disorders 

Hereditary hemorrhagic telangiectasia 11 

Hemangiomas 5 

Angiomatous polyps 1 

Chronic epistaxis 1 
Chronic sinus disorders 

Concha bullosa 19 

Nasal/ethmoid polyps 12 

Choanal polyps 4 

Ostial obstruction 3 

Pyogenic granuloma 1 

Granulation tissue secondary to cocaine abuse 3 
Inverted papilloma 3 
Intranasal/intrasinus scarring 

Previous nasal/sinus surgery 2] 

Sarcoid 

Trauma 

Wegener's granulomatosis 1 
Total 128 
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Fig 4. Laser crosshatching of turbinate for vasoactive dis- 
ease. 


2 to 4 weeks. In the immediate postoperative peri- 
od, crustiag and edema were present, with the 
edema lasing 3 to 5 days and the crusting lasting 
until healiag was complete. 


Twelve patients have been followed for more 
than 12 months, and nine patients for more than 6 
months. Cf these 21 patients, 17 have had symp- 
tomatic improvement with improved airway, less 
nasal congestion, and less drainage. The remaining 
four have ваа no improvement but no worsening of 
symptoms. The remaining patients have been fol- 
lowed for too short a time for the exact results to be 
known. 


Fukutake et al? have used the CO2 laser for 
allergic rhmitis. The inferior turbinates of 140 pa- 
tients were vaporized with a defocused beam. One 
month after surgery, 36% of patients had excellent 
results. One year after surgery, 48% had excellent 
results, amd 29% good results. Histopathologic 
studies showed fibrous proliferation and scar for- 
mation in he superficial layer of submucosa. The 
nasal mucesa regenerated within 2 months after 
surgery. 


Lenz et al? used the argon laser on postmortem 
inferior turdinates and demonstrated low to moder- 
ate power densities for coagulating and vaporizing 
of nasal tissue. 


It is poss ble that the symptomatic improvement 
seen is related to the scar formation in the super- 
ficial submucosa with subsequent alteration in the 
autonomic aervous system control of the vasoactive 
response ard prevention of rapid swings in turbi- 
nate size ard secretion. 


There were four patients with marked nasal ob- 
struction from polypoid hypertrophic changes on 
the medial surface of the inferior turbinate who had 
this tissue excised with a high power density. This 
gave complete relief of nasal obstruction in all four 
patients, wko have been followed over 1 year. Two 
of these fou- patients also had bilateral “mulberry” 
posterior tips of the inferior turbinates. These were 


excised at the same time. No patient experienced a 
postederative complication. Similar results have 
been reported by Selkin* and Wang.'° 


Va-cular Lesions. Eighteen patients with epi- 
staxis f-om different causes were treated. The green 
wave eagth selectivity for vascular lesions would 
seem ideal for these problems, because the inter- 
medi-t» depth of penetration photocoagulates the 
lesiors adequately while preserving underlying car- 
tilage and/or bone. 


Eleven patients with hereditary hemorrhagic tel- 
angie-tasia were treated with a coagulating power 
density АП patients had multiple areas of involve- 
ment -F roughout the septum, turbinates, and later- 
al nasal walls. Even though the intermediate power 
densi&y should preserve underlying cartilage, dur- 
ing this early use of the KTP/532 laser, no patient 
with telangiectasias involving areas immediately 
oppos te each other on the septum had bilateral 
simulta 1eous treatment because of concern for sep- 
tal pe foration. It was felt that scattered heat might 
be additive on both sides of the septum and pose a 
problem. No patient experienced septal perfora- 
tion. Petients with hereditary hemorrhagic telangi- 
ectasiz nave been followed for 3 to 16 months and 
have shown a marked decrease in the severity and 
frequency of the epistaxis. Three patients have had 
to hare repeated treatments but have been quite 
willins -o do so, in view of the ease and success of 
the procedure. While not expected to be a cure for 
this di rder, use of the laser seems to be a method 
for coatrolling the process. ' 57: 


Five mtranasal hemangiomas have been excised 
succes-fally from the septum, turbinate, or inter- 
cartilazmous area. No patient experienced postop- 
erative hemorrhage or synechia. These patients 
have teen followed from 6 to 16 months without 
any ev.cence of postoperative recurrence. 


One patient had four previous attempts at remov- 
al of aœ angiomatous polyp attached to the posterior 
portion of the nasal septum. It caused persistent 
nasal cbstruction and epistaxis. It was removed suc- 
cessful у without recurrence. 


Oneserious amateur “Olympic bound” boxer had 
recurrent epistaxis from Little's region, which bled 
with mar or trauma to the nose. Attempts at control- 
ling ths with moisturing lotions, sprays, and chemi- 
cal cautery all failed. Laser photocoagulation with 
the KTP*532 laser created a small patch of scar in 
the гер сп and controlled his epistaxis. 


Chronic Sinus Disorders. Nineteen patients had 
conchas »ullosae removed without postoperative se- 
quelae. Healing occurred within 2 weeks. 


Twe-v2 patients had partial removal of nasal 
polyps. Nasal polyps cannot be effectively, totally 
removed with the laser, because it would be so 
time-consuming and tedious. However, the laser 
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does allow an initial debulking of the polyps, main- 
taining a dry field so that endoscopic ethmoidec- 
tomy can be carried out simultaneously. The laser 
can be used to cut as closely as possible to the base of 
the polyps with a high power density. 


Four patients with choanal polyps have been 
treated successfully by the surgeon's identifying the 
stalk coming out of the natural ostium of the max- 
illary sinus, opening the ostium, and cutting as 
closely as possible to the polyp base. Two of the four 
have been followed longer than 12 months without 
recurrence. One patient, who could not be deprived 
of Coumadin because of transient ischemic attacks, 
had a prothrombin time of 18 seconds (normal, 10 
to 13 seconds). This patient had a 3 x 3 x 7-cm cho- 
anal polyp removed under local anesthesia with only 
a 5-mL blood loss. Only a small piece of oxidized 
cellulose (Oxycel; Deseret Medical Corp, Sandy, 
Utah) was placed on the base. 


Obstruction of the natural ostium of the max- 
illary sinus secondary to scar has been corrected in 
three patients by an ostioplasty performed through 
this tissue with the laser. While it is too early to 
know whether this will offer any advantage over 
curette, scissors, and back biting forceps, all three 
have had the natural ostium remain patent. 


Three patients with extensive nasal granulation 
tissue secondary to chronic infection from cocaine 
abuse who did not respond to conservative medical 
management have had the intranasal granulation 
treated with laser in a coagulating-vaporizing 
power density. All of these patients have had ex- 
cellent resolution with good return of nasal mucosa 
and nasal function. Postoperatively, patients were 
prescribed nasal douches. Healing took place over a 
6- to 8-week period. 


Inverted Papilloma. Small single isolated in- 
verted papillomata were excised in three patients. 
Six- to 12-month follow-up has not revealed any 
recurrence. Because of the nature of this neoplasm 
and its chances for recurrence or malignancy, pa- 
tients who undergo this type of excision must be 
selected carefully and watched postoperatively. 


Intranasal/Intrasinus Scarring. Twenty-seven pa- 
tients with intranasal scarring from previous nasal 
and/or sinus surgery, dacryocystorhinostomy, and 


external trauma were seen. All were symptomatic 
with chronic sinusitis, tearing, or nasal obstruction. 
The middle meatus and nasal cavity were stented 
with soft Silastic or firmer Teflon splints when ap- 
propriate to prevent restenosis or recurrence of 
adhesions. Twelve patients had complete resolution 
of symptoms, nine patients had improvement, and 
six patients had no improvement. 


Four patients had severe intranasal scarring from 
sarcoid, two of whom had active granulomatous 
disease discovered only at the time of operation, 
when biopsy samples of the tissue were sent for 
histologic examination. None of these patients had 
complete resolution of symptoms; however, two 
were improved. 


One patient had Wegener's granulomatosis re- 
sulting in complete stenosis of the nasal airway at 
the anterior end of the turbinates with only a pin- 
point opening. While the patient was not taking an- 
timetabolites and with the disease in remission, the 
airway was opened with the laser, it was stented for 
] month, and an excellent airway was created. 


COMMENT 


Lasers have been useful surgical tools for the head 
and neck surgeon. Several of the pathologic pro- 
cesses seen in this series in the nose and sinuses are 
not new to laser treatment. Similar types of disor- 
ders outside the nasal sinus region have been treated 
effectively with laser. Others were treated here for 
the first time. It is reasonable to consider the use of 
the laser for intranasal and intrasinus disease. Early 
follow-up of treatment of several different intra- 
nasal entities with the KTP/532 laser indicates rapid 
healing with minimal crusting, edema, scar forma- 
tion, and complications, and resolution of disease. 


The KTP/532 laser has the advantage of flexible 
fibers that can be coupled with nasal endoscopes to 
see and treat lesions within the nose and sinuses ac- 
curately and completely. 


While these early results and observations are en- 
couraging for the use of this laser within the nose 
and paranasal sinuses, each of the clinical entities 
discussed in this paper will need to be followed to 
determine the long-term effectiveness of treatment. 
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LARYNGEAL FRAMEWORK SURGERY IN THE MANAGEMENT 
OF SPASMODIC DYSPHONIA 


PRELIMINARY REPORT 


HARVEY M. TUCKER, MD 


CLEVELAND, OHIO 


Spasmodic dysphonia continues to be a management problem for otolaryngologists. Selective lysis of the recurrent laryngeal nerve has 
been useful in the management of this disease. Reported long-term results, however, reveal that spasm recurs in approximately 40% to 
50% of initially successful patients in spite of persistence of the unilateral vocal fold paralysis. Although some of these failures can be recap- 
tured with subsequent laser surgery, the overall “cure” rate does not exceed 70% , even in the best hands. The contributions of Isshiki, Le- 
Jeune, and Tucker have demonstrated that tension in the vocal folds can be adjusted by laryngeal framework surgery. Experience with 16 
patients suffering from adductor spasmodic dysphonia suggests that laryngeal framework surgery is useful in the management of this 


disorder. 


KEY WORDS — laryngeal framework surgery, recurrent laryngeal nerve, spasmodic dysphonia, vocal fold paralysis. 


INTRODUCTION 


Since the cause of spasmodic dysphonia is as yet 
undetermined, management of this disorder con- 
tinues to be directed at relief of the symptom of 
vocal spasm rather than at cure. Dedo and Izdebski' 
provided the most widely used approach to surgical 
correction of spasm through recurrent laryngeal 
nerve lysis. Long-term results, however, demon- 
strate that as many as 40% to 50% of patients ini- 
tially relieved of spasm by this surgery develop 
recurrence within 2 years? despite persistence of 
the unilateral vocal fold paralysis. Other tech- 
niques, such as laser surgery to lateralize or debulk 
the paralyzed vocal fold, can reestablish nonspas- 
modic communication in some of these initial fail- 
ures, but the overall “сиге” rate does not exceed 
70% in the best hands. Therefore, other means of 
relieving vocal spasm must be sought that can pro- 
vide higher cure rates by themselves or can be used 
in conjunction with recurrent laryngeal nerve lysis 
to achieve better long-term success. 


Isshiki* developed and reported the techniques of 
laryngeal framework surgery that permit adjust- 
ment of the position of and tension in the vocal 
folds. LeJeune et al* and Tucker modified these 
techniques and reported their use in adjustment of 
vocal pitch and in correcting flaccidity of the vocal 
folds. In 1985, Isshiki reported three cases of spas- 
modic dysphonia managed successfully by retrusion 
of the anterior commissure of the larynx to relieve 
tension in the vocal folds (unpublished observa- 
tions). This technique has been modified and ap- 
plied in 16 cases of adductor spasmodic dysphonia. 


MATERIALS AND METHODS 


Sixteen patients with the diagnosis of adductor 
spasmodic dysphonia confirmed by at least two ex- 
perienced observers were evaluated and their voices 
recorded preoperatively. Nine were women and 
seven were men. All of them had had at least several 
months of speech therapy without significant im- 
provement. Each of them was counseled regarding 
available methods for relief of vocal spasm and the 
statistical chances for short-term and long-term suc- 
cess with recurrent laryngeal nerve lysis The con- 
cepts of loosening of the vocal ligaments by laryn- 
geal framework surgery and the possible improve- 
ment in vocal spasm that might be achieved were 
presented. In each case, the patient agreed to take 
part in this experiment, recognizing that no prom- 
ises of short-term or long-term success could be 
made, but that it was anticipated that subsequent 
recurrent laryngeal nerve lysis would have the same 
chances of success as in previously unoperated cases. 


Surgery was carried out with local anesthesia 
without sedation so that voice change could be 
assessed intraoperatively. Through a skin crease in- 
cision placed midway between the upper and lower 
borders of the thyroid cartilage, superior and in- 
ferior flaps were developed. The strap muscles were 
separated and the entire vertical dimension of the 
thyroid cartilage was exposed. Vertical cuts were 
made from the upper to lower borders approxi- 
mately 1 cm from the midline, through the outer 
perichondrium and cartilage, but sparing the inter- 
nal perichondrium (Figure, A). In most cases this 
step could be carried out with a scalpel, but on two 
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Surgical procedure. A) Incisions through outer perichondrium and th-roid cartilage, parallel to midline. B) Elevation of inner 
perichondrium beneath posterior thyroid alae. C,D) Placement of nylor satures to retruse and retain anterior thyroid cartilage seg- 


ment. C) Anterior view, D) superior view. 


or three occasions an oscillating saw was needed 
because of calcification of the cartilage. The inner 
perichondrium was elevated posteriorly beneath the 
thyroid alae on each side for a distance of about 1 
cm (Figure, B). The anterior commissure segment, 
including the attachment of Broyles’s ligament on 
its internal surface, was retrused into the larynx and 
the patient’s voice assessed. When relief of spasm 
and slight breathiness was achieved, the cartilage 
segment was prevented from returning to its more 
anterior position by placing two 3-0 nylon sutures, 
one above and one below the level of attachment of 
the vocal folds, and between the posterior alar car- 
tilages, passing anteriorly to the retrused segment 
(Figure, C,D). The incision then was closed over a 
small Penrose drain. Patients were kept overnight 
for observation. Voice was recorded at intervals 
after surgery. Maximum follow-up has been just 
over 2 years at this writing and all patients were 
followed up for at least 6 months after surgery. 


RESULTS 


There were no complications in any case, al- 
though several patients reported lowering of ha- 
bitual vocal pitch. This was more noticeable in 
women, but in no case did it produce a voice out of 
keeping with the patient's sex or habitus. All pa- 
tients were discharged the morning after surgery 
with drain removed. Those patients who lived 
within a reasonable distance were seen at approx- 
imately 2-week intervals for 1 month and thereafter 
monthly. Those who lived at greater distances were 
seen in follow-up by local otolaryngologists and 
speech therapists on approximately the same sched- 


ule. 


All patients experienced relief of spasm on the op- 
erating room table, but it returned in all cases with- 
in minutes to hours. Longer-term relief of spasm oc- 
curred gradually thereafter at time intervals vary- 
ing from 2 days to 3 months in successful cases. Nine 
of the 16 patients have retained virtually nonspas- 
modic communication for periods varying from 7 
months to just over 2 years (one case). Six patients 
had either no long-term relief of spasm or return of 


spasm within a few days to 3 weeks cf surgery. 
Ta3-ee of these patients underwent recurrent laryn- 
gel nerve lysis not sooner than 3 months after fail- 
ure of laryngeal framework surgery. All of them 
have initial relief of spasm as a result of the lysis. 
Cre patient experienced initial relief of spasm 
f»howing framework surgery, but spasm returned 
epproximately 1 month thereafter. Three months 
efter its return the spasm again disappeared spon- 
taneously and has not returned for 8 months. If this 
Ex.t case is counted as successful, at least short-term 
~e.ief of spasm was achieved in 63% of patients. 


DISCUSSION 


Although by no means proven definitively, stud- 
`є have demonstrated changes іп the recurrent la- 
rrngeal nerve’ in spasmodic dysphonia that are sim- 
ilar to those known to be due to viral neuropathy. It 
has been assumed that the pathophysiologic derange- 
ment is related to loss of fine motor control in the 
recurrent laryngeal nerve. It is also possible that the 
cerangement is on the proprioceptive or sensory 
ade of the neural loop that is essential to such con- 
trol. 


Regardless of whether the spasm is secondary to 
overactive muscular action or to inappropriate pro- 
5rioceptive function, release of tension in the vocal 

igaments by digital pressure on the thyroid carti- 
„аре seems to improve the voice in many patients 
with spasmodic dysphonia. If release of tension 
could be maintained by retrusion of the anterior 
commissure, such improvement might also persist. 
It is not clear, however, whether eventual compen- 
sation would take place and restore the tension. 
Preliminary results indicate that long-term im- 
provement in voice can be achieved by this tech- 
nique, perhaps in the majority of cases, but by no 
means in all patients. Since the procedure appears 
to have virtually no risk of making the voice worse 
and does not limit later success with recurrent 
laryngeal nerve lysis, laryngeal framework surgery 
may represent a worthwhile first attempt to relieve 
vocal spasm. Lowering of pitch is not significant 
and, in any event, seems a small price to pay for 
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relief of spasm without having to resort to a destruc- 
tive procedure. 


Much larger numbers of patients and follow-up 
of at least 2 years are necessary before any firm con- 
clusions can be reached regarding the potential 
place of laryngeal framework surgery in the man- 
agement of spasmodic dysphonia. Moreover, the 
same problems in diagnosis and voice assessment 
that plague attempts to quantify results of other 
means of management will also apply in this case. 
Nevertheless, this nondestructive, apparently safe 
procedure does not interfere with eventual use of 
established means of treatment and, therefore, may 
eventually prove to be appropriate as the first step 
in management. Even if it provides long-term relief 
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in as few as 50% of cases, the patients still will ex- 
perience perhaps another 50% relief of spasm with 
subsequent surgery. Thus, about a 75% success rate 
may be realized, which exceeds current best results. 


CONCLUSIONS 


Laryngeal framework surgery can provide pro- 
longed relief of spasmodic dysphonia in over half of 
the patients operated upon. The procedure is rela- 
tively safe and does not interfere with subsequent 
surgical attempts at management if it fails. Further 
experience is needed before its place in management 
of spasmodic dysphonia can be established with 
confidence. 
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COMPUTED TOMOGRAPHY IN PATIENTS WITH LARYNGEAL 
CARCINOMA: A CLINICAL PERSPECTIVE 
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Among the various diagnostic modalities that have been recommended for p-eoperative assessment of the patient with laryngeal car- 
cinoma is computed tomography. While good overall correlation between CT fmcings and operative findings has been noted, a significant 
number of false positives and false negatives have been found, particularly with -egard to cartilage invasion and lymphadenopathy. We 
comoared the findings of direct laryngoscopy, palpation of the neck, and CT wth pathologic specimens in 29 patients who underwent 
surgery for carcinoma of the larynx. We found that CT scanning underestimatec (ае extent of neoplastic involvement in over half the cases. 
WitL respect to cartilage invasion we determined a significant number of false-negative findings. Computed tomographic scanning was 
equivalent to palpation in predicting cervical metastasis. Our findings indicat» that the role of CT scanning may be more limited than 
prev ously acknowledged, particularly in patients for whom nonconservation s:mgery is planned. 


KEY WORDS — cartilage invasion, computed tomography, laryngeal care noma, lymphadenopathy. 


S nce its introduction іп 1971, computed tomog- 
гарлу has had a profound effect on the diagnosis of 
diseases in the head and neck.' In the evaluation of 
laryngeal carcinoma, CT scanning may provide in- 
forraation on areas not readily seen on visual inspec- 
tior. Computed tomography has essentially re- 
plaeed conventional tomography and contrast lar- 
yngography in the evaluation of laryngeal malig- 
nan-y.? Many clinicians routinely order CT scans 
befere performing surgery for neoplastic disease of 
the larynx. 


Nevertheless, CT scanning of the larynx has 
maay limitations. Changes due to inflammation 
anc fibrosis may be misinterpreted as malignant 
disease.? Incomplete ossification of the laryngeal 
skebton may erroneously suggest cartilage in- 
vasin.^" While lymphadenopathy may be imaged 
wita the continuous infusion of intravenous con- 
тає medium, rarely are occult cervical metastases 
discovered in this manner.’ The evaluation of 
dynamic laryngeal function clearly is limited when 
a static imaging technique is used. Finally, CT 
scar ning of the larynx usually is performed in an ax- 
ial plane, thereby restricting visualization of some 
laryngeal anatomy.* In view of these limitations, 
we have reviewed our recent experience with the 
use 5f CT scanning to assess the location and extent 
of laryngeal carcinomas. 


MATERIALS AND METHODS 


Twenty-nine patients with known or suspected 
laryngeal carcinoma underwent CT. Scans were 
obtained with a Siemens DR2 or Siemens Somatom 
2 body scanner. Five-millimeter thick axial scans 


were -aken at 4- to 6-mm intervals from the floor of 
the rxcuth to the supraclavicular area. Patients 
were scanned in the supine position before and after 
the irjection of intravenous contrast medium. 


All patients underwent total or partial laryngec- 
tomy some with neck dissection. The excised larvn- 
ges were examined carefully, fixed in 10% forma- 
lin, md decalcified with a formic acid-sodium 
citrate solution. The specimens then were em- 
bedded in paraffin and sectioned with a microtome. 
Each section was stained with hematoxylin and 
eosin amd examined microscopically. 


Patients. The charts of all patients who under- 
went partial or total laryngectomy for endolaryn- 
geal earcinoma at the New York Eye and Ear In- 
firmar, during the past 5 years were reviewed. 
Only tt ose patients who had CT as part of the pre- 
operative evaluation were included. Direct laryn- 
gosco?* and CT findings were correlated with the 
final xitopathologic examination. 


Of 29 patients, 19 underwent total laryngectomy, 
seven had supraglottic laryngectomy, and three 
underwent vertical hemilaryngectomy. Eight pa- 
tients : nderwent unilateral radical neck dissection 
and two had bilateral neck dissections. Squamous 
cell cucinoma of the larynx was diagnosed in all 
patieats. One patient who underwent total larvn- 
gectomy had received preoperative radiotherapy. 
Over half of the patients had CT prior to direct 
larynzcscopy. The extent of neoplastic involvement 
(not meluding cartilage invasion or metastatic dis- 
ease) a; predicted by direct laryngoscopy and CT 
was correlated with the final pathologic findings. 
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Fig 1. A-F) Series of scans in patient with right vocal cord lesion. Ventricular involvement could not be ascertained preoperatively. 
Intraoperative examination revealed transglottic tumor. 


RESULTS 


The findings at direct laryngoscopy overesti- 
mated neoplastic involvement in two cases (7%) 
and underestimated it in eight (28%). Computed 
tomography did not overestimate the extent of mu- 
cosal disease in any cases, while in 16 cases (55%), 
it underestimated tumor spread. 


A total laryngectomy was performed in one case 
in which both direct laryngoscopy and CT indi- 
cated a supraglottic lesion. The final pathologic 
findings revealed carcinoma involving the right 
arytenoid. In one patient who underwent supra- 
glottic laryngectomy, and in another who had a 
hemilaryngectomy, direct laryngoscopy and CT 
missed tumor involving the ventricle. It is interest- 
ing to note that good correlation with both CT and 
laryngoscopy occurred in the patient who had re- 
ceived preoperative radiotherapy. 


In determination of cartilage invasion, CT find- 
ings were falsely positive in one patient (3%) and 
falsely negative in six patients (21%). 


The ability to predict cervical metastasis could be 
assessed only in the ten patients who underwent 
neck dissection. Physical examination correctly 
predicted the nodal status in six patients (60%), 
while CT scanning was accurate in seven patients 
(70%). Cervical adenopathy was missed clinically 
and by CT imaging in three patients who were sub- 
sequently found to have cervical metastatic disease. 
The nodes in these cases were less than 2 cm in size. 


DISCUSSION 


Evaluation of the patient with laryngeal carci- 
noma is aimed at planning appropriate therapy. 
Each patient undergoes direct laryngoscopy to as- 
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Fig 2. A,B) Computed tomographic scans of larynx of patient with obstrue ing tumor, suggestive of thyroid cartilage invasion. 


Pathologic examination revealed intact thyroid cartilage. 


sess the gross extent of disease and to obtain tissue 
for histologic diagnosis. Often, a CT scan is ordered 
as part of the routine preoperative evaluation. 


The feasibility of conservation surgery may not 
be predicted by the direct laryngoscopy findings 
alone. Therefore, Russell? recommends CT scan- 
ning of all patients in whom conservation surgery is 
being considered. Computed tomographic imaging 
may complement direct laryngoscopy for areas of 
the larynx in which direct observation is difficult or 
impossible. Preepiglottic space involvement is pal- 
pable when extensive, but otherwise it is clinically 
silent. The subglottis can be inadequately visualized 
during direct laryngoscopy because of tumor bulk, 
an obscuring endotracheal tube or cuff, and vocal 
cord immobility. Similarly, lesions involving the 
ventricle may be missed by laryngoscopy because of 
tumor bulk or supraglottic edema. Computed to- 
mography also can aid in identifying thyroid carti- 
lage invasion by tumor, a phenomenon that is gen- 
erally difficult to detect on laryngoscopy. 


In a detailed evaluation of CT correlation with 
histopathology at various levels in the larynx, Hoo- 
ver et al* found good correlation for the subglottis, 
vallecula, and preepiglottic space. Gregor et а!" 
concluded that conventional tomography was supe- 
rior to CT in evaluating subglottic extension. Sagel 
et al’ found that CT was unable to define the laryn- 
geal ventricle consistently. In two patients from our 
series undergoing conservation laryngectomy, CT 
missed tumor involving the ventricle (Fig 1). 


Extensive cartilage destruction will cause a pal- 
pable deformity, but most cases of cartilage inva- 
sion are clinically silent. Physicians often rely on the 
CT scan to provide information about cartilage in- 
volvement and may defer conservation surgery 
based on its results. Archer and Yeager's? review of 
45 patients with laryngeal cancer led them to con- 
clude that CT cannot accurately detect early carti- 
lage infiltration or predict reconstructive potential 
if cartilage destruction has occurred. Hoover et al 


found -hat CT was unreliable in determining carti- 
lage invasion. Silverman"! reported a case in which 
the CT scan suggested tumor invasion of the thyroid 
cartilage, but did not confirm this histologically. 
Our series of patients confirms that CT evaluation 
of car-ilage involvement is unreliable, with both 
false-positive or false-negative findings being ob- 
served (Figs 2 and 3). We agree with Sagel et al,’ 
who recommend that intraoperative inspection and 
biopss of the laryngeal cartilages is the best way to 
assess -he possibility of cartilage invasion. 


The presence of palpable cervical adenopathy in 
a patient with laryngeal cancer generally indicates 
the need for neck dissection. Nodes in patients with 
short, thick necks, postirradiation fibrosis, or early 
metasatic disease may escape detection. Mafee et 
al^ neced that in two or their patients palpable cer- 
vical adenopathy was confirmed by CT, but no at- 
tempt was made to correlate clinically occult lym- 
phadenopathy with CT findings and final patholo- 
gy findings in patients with NO neck tumors under- 
going neck dissection. Sagel et al’ state that only 
rarely are nonpalpable lymph nodes identified by 
CT. in another series, preoperative CT scanning of 
79 patients undergoing radical neck dissection was 





Fg 3. Computed tomographic scan of larynx with trans- 
glottic lesion. Thyroid lamina appears intact. Pathologic 
examination revealed tumor invasion of thyroid cartilage. 
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found to be no more accurate than physical exami- 
nation in predicting metastatic disease.'? Our study 
confirms that the CT scan is not significantly supe- 
rior to clinical palpation in predicting cervical me- 
tastasis. 


The impact of the CT findings on patient man- 
agement is negligible for patients in whom total 
laryngectomy is clearly necessary. Laryngoscopy 
findings of bilateral vocal cord disease, extensive 
pyriform sinus carcinoma, bilateral invasion of the 
arytenoids, and subglottic extension beyond 12 mm 
reduce the likelihood that a lesion can be managed 
by conservation techniques. 


In their study of 20 patients, Silverman et al? 
found only five in whom there was excellent cor- 
relation between the CT and histopathology. All 20 
patients had extensive disease noted by direct 
laryngoscopy, requiring total laryngectomy. Anal- 
ysis of the seven cases reported by Mafee et al‘ re- 
veals that direct laryngoscopy findings would have 
led to total laryngectomy in five patients and that 
the surgical course in the other two patients was not 
altered by the CT findings. The decision to perform 
a total laryngectomy on the patients in our series 
could have been made without the aid of CT. 


Our study indicates that a preoperative CT scan 
is not necessary in all patients undergoing surgery 
for laryngeal carcinoma and may lead to errors in 
management if not interpreted with skepticism and 
great care. Patients in whom physical and laryn- 
goscopic examination unambiguously dictates the 
need for total laryngectomy do not require sophis- 
ticated, expensive, and time-consuming radio- 


graphic imaging. On the other hand, for patients in 
whom conservation surgery is being considered, CT 
scanning may help to visualize areas such as the pre- 
epiglottic space and subglottis, which cannot be vis- 
ualized directly. However, findings suggested by 
CT should be confirmed intraoperatively before 
proceeding with definitive surgery. 


The recent advent of magnetic resonance imag- 
ing has raised the hope that this may provide a more 
precise, noninvasive imaging technique in patients 
with laryngeal carcinoma. Wortham et al* and 
Lufkin et al? compared MRI with surface coils, CT 
scanning, and histopathology. Their findings sug- 
gest that MRI shares many of the limitations of CT 
in defining mucosal detail and cartilage invasion. 
Magnetic resonance imaging proved superior when 
imaging in the nonaxial (coronal and sagittal) 
plane, providing more precise visualization of areas 
like the laryngeal ventricle and subglottis. Based on 
these initial reports, MRI scanning may also be 
superfluous for patients in whom direct laryngos- 
copy unambiguously indicates the need for total lar- 
yngectomy. 


In summary, review of our 29 patients who un- 
derwent laryngeal surgery following clinical assess- 
ment and CT suggests that CT is less accurate than 
laryngoscopy in estimating mucosal disease, and is 
often misleading with respect to cartilage invasion 
by tumor. Computed tomographic scanning and 
clinical palpation are equivalent in the ability to 
predict cervical metastases. Based on these findings, 
we have concluded that for patients in whom clini- 
cal assessment determines the need for total laryn- 
gectomy, preoperative CT is generally unnecessary. 
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Four cases of primary squamous cell carcinoma of the thyroid gland are reported. Thorough evaluation confirmed these lesions to be 
of primary thyroid origin rather than from metastasis or direct invasion from contizuous structures. These cases illustrate the aggressive 
nature of the disease and the propensity for local and distant metastases. The e inicopathologic data presented here underscore the 


challenge in diagnosis and treatment of this rare entity. 


KEY WORDS — metastasis, squamous cell carcinoma, thyroid carcinoma. 


INTRODUCTION 


Squamous cell carcinoma of the thyroid gland is a 
rare c inical entity representing less than 1% of all 
primary thyroid carcinomas. A few sporadic cases 
have eppeared in the world literature over the past 
25 years. Many of these were derived from autopsy 
studie:. 


In 1964, Goldman' reviewed 13 previously re- 
ported cases and added one additional case. 
Prakasa et al* added one case in a young female pa- 
tient. Kampsen et al? and Shimaoka and Tsukada’ 
added a total of five additional cases. Lee et al? re- 
ported one case of keratinizing squamous cell carci- 
noma of the thyroid, while Saito et al^ reported a 
squamous cel! carcinoma associated with leukocy- 
tosis and hypercalcemia. Budd et al’ added two new 
cases, while Segal et al* reported four new cases of 
pure scuamous cell carcinoma and two cases of 
mixed adenosquamous carcinoma of the thyroid 
gland. А coexisting adenocarcinoma and squamous 
cell carcinoma of the thyroid were reported by 
Bakri e- al? ia a patient who received radiation 
therapy for Hedgkin's disease 48 years previously. 


Heitz et al'? published their histologic findings in 
a large series ef thyroid tumors from 573 surgical 
specimens anc 161 autopsy specimens. Twenty- 
three squamous cell tumors were found in the surgi- 
cal material, bat these were felt to be mostly papil- 
lary carcinomas with extensive squamous cell meta- 
plasia. Two pure squamous cell carcinomas* were 
found in the autopsy specimens. Harada et al’! did 
not find any cases of pure squamous cell carcinoma 
of the thyroid in 46 autopsy specimens, but did find 
six cases of mixed squamous cell carcinoma and 
adenocarcinoma. 


Four patients with primary squamous cell carci- 
noma of the thyroid gland were treated over the 
past 5 years. The following case presentations un- 
derscore the difficulties in diagnosis and treatment 
of this rare tumor. 


CASE REPORTS 


Case i. A 74-year-old woman presented with a 
history of dysphagia, hoarseness, and anterior neck 
soreness. She also noted a 9-kg weight loss over a 
several-mr nth period. The patient denied any 
radiation exposure to the neck or family history of 
thyroid camcer. 


On phs*ical examination an ill-defined area of 
induration was noted over the isthmus and left lobe 
of the thyroid gland, but a discrete mass was ab- 
sent. There was no palpable lymphadenopathy. In- 
direct larymgoscopy revealed a left true vocal cord 
paralysis. 


A chest-radiograph revealed tracheal deviation to 
the right and an area of calcification. A barium 
esophagram demonstrated extrinsic mass compres- 
sion and deviation of the cervical esophagus to the 
right. A computed tomogram confirmed the pres- 
ence of a mass in the left lobe of the thyroid gland 
with evidenze of paratracheal extension. However, 
there was mo obvious intratracheal involvement. 
Two areas cf necrosis were noted within the mass. 
Results of needle aspiration biopsy were suspicious 
for poorly differentiated carcinoma. Preoperative 
bronchoscery showed no evidence of intraluminal 
invasion, and rigid esophagoscopy was not possible 
because of tumor compression. 


One week following initial presentation the pa- 
tient underwent exploration of the left neck, at 
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which time a large thyroid mass was discovered. 
The tumor had infiltrated the thyroid capsule and 
strap muscles, with extensive involvement of the 
carotid artery, vagus nerve, esophageal wall, and 
paratracheal space. Because of a presumed diagno- 
sis of anaplastic carcinoma, vital structures were 
not sacrificed, and the tumor was debulked. A tra- 
cheotomy was performed to prevent subsequent air- 
way obstruction. 


Final pathologic diagnosis confirmed squamous 
cell carcinoma of the thyroid with extracapsular 
spread and nodal metastases. 


Two weeks later, the patient began a course of 
radiotherapy to the entire thyroid, upper medias- 
tinum, and neck. A total of 5,000 rad was given in 
25 treatments over 42 days. The patient refused 
chemotherapy. Nutrition was maintained initially 
by nasogastric intubation. She gradually was able 
to maintain an adequate nutritional status by oral 
intake, but this soon led to further weight loss, 
necessitating insertion of a gastrostomy tube. She 
died approximately 9 months following her diagno- 
sis, from progressive local disease and disease meta- 
static to the lung. 


Case 2. А 48-year-old woman presented with dif- 
fuse thyroid enlargement that on thyroid scanning 
and clinical examination was felt to be Hashimoto's 
thyroiditis. She was placed on thyroid suppression 
therapy. Three years later a cold nodule was de- 
tected on repeat scintigraphy, and a right thyroid 
lobectomy was performed. The intraoperative find- 
ings were remarkable for a discrete intrathyroidal 
nodule and diffuse non-neoplastic inflammatory 
changes in the surrounding soft tissues. Frozen sec- 
tion was not obtained. However, the final patholog- 
ic diagnosis was squamous cell carcinoma of the 
thyroid. 


One month postoperatively the patient's exami- 
nation was remarkable for several fusiform nodes, 
measuring approximately 2 cm each, in the ipsi- 
lateral jugular chain. Induration was present over 
the previous operative site. 


Fine needle aspiration from the right neck mass 
revealed squamous or undifferentiated carcinoma. 
Adjacent thyroid tissue showed lymphocytic thy- 
roiditis with focal areas of squamous metaplasia. A 
CT of the neck and mediastinum showed tumor 
confined to the right side of the neck, and possibly 
the thyroid bed. Other laboratory test results were 
unremarkable. 


The patient underwent a completion thyroidec- 
tomy with preservation of the parathyroid tissue on 
the contralateral side, and a right neck dissection. 
Extensive nodal metastases in the right neck were 
found, as well as residual disease in the soft tissue of 
the right thyroid bed involving the recurrent laryn- 
geal nerve. 


Final pathologic assessment revealed inflamma- 
tory changes consistent with Hashimoto's thyroiditis 
in the contralateral thyroid lobe, without evidence 
of carcinoma. There was metastatic, moderately 
well-differentiated squamous cell carcinoma in a 
confluent mass of nodes in the jugular chain and in 
the soft tissues of the thyroid bed. The resected 
margins were free of tumor. 


Postoperatively, the patient developed a right vo- 
cal cord paralysis, anticipated because of sacrifice 
of the right recurrent laryngeal nerve. Temporary 
hypoparathyroidism also resulted, requiring calci- 
um and vitamin D supplementation. 


Following uneventful healing, radiotherapy was 
administered to both sides of the neck, the thyroid 
bed, and the superior and middle mediastinum. She 
received 4,500 rad of cobalt 60 irradiation and an 
additional 1,500 rad of 12-MeV electrons over a 
6-week period. 


The patient remained without disease for 8 
months, until she developed a rapidly proliferating 
mass in the right neck near the carotid bifurcation 
and extending superiorly toward the parapharyn- 
geal space. The mass was associated with pain, in- 
termittent light-headedness, and nausea on manip- 
ulation. A fine needle aspiration confirmed the 
presence of metastatic, poorly differentiated carci- 
noma. Within several days, two supraclavicular 
cutaneous metastatic lesions appeared. There was 
no evidence of other metastatic disease. 


Palliative chemotherapy, first with methotrexate 
and then with cisplatin, bleomycin, and metho- 
trexate, was attempted, with only partial response. 
The patient died soon thereafter. 


Case 3. A 76-year-old man presented with a 7- 
month history of progressive right-sided otalgia and 
odynophagia. He noted increasing dysphagia, 
hoarseness, and blood-tinged sputum for 5 months. 
Physical examination by a referring physician 
revealed a right vocal cord paralysis and a right 
neck mass. А prior CT revealed a soft tissue mass 
surrounding the trachea and esophagus. On admis- 
sion, the patient had a firm, right neck mass, 
tracheal deviation to the right, and a right vocal 
cord paralysis. А preoperative chest radiograph 
revealed tracheal deviation but was otherwise nor- 
mal. A right neck exploration and incisional biopsy 
of the thyroid mass was performed. The tumor in- 
vaded the right paratracheal muscles, sterno- 
cleidomastoid muscle, and internal jugular vein. 
Direct laryngoscopy, rigid bronchoscopy, and rigid 
esophagoscopy showed no evidence of laryngeal, 
tracheal, or esophageal carcinoma. Pathologic as- 
sessment revealed squamous cell carcinoma of the 
thyroid (Fig 1A). 


Radiotherapy was begun several weeks later, and 
a feeding gastrostomy tube placed. On subsequent 
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Fig 1. (Case 3) A) Squamous cell carcinoma of thyroid adjacent to thyroid follicles (H&E, original x54). B) Computed tomogram of 


neck showing mass of right thyroid lobe and paratracheal region. 


CT. a paratracheal mass, apparently originating 
from the right lobe of the thyroid gland and extend- 
ing upward to the base of the epiglottis, was seen 
(Fig 1B). There was obliteration of the right pyri- 
form sinus, and extension down to the right sterno- 
clavicular joint. А repeat CT 2 months later re- 
vealed no tumor shrinkage. A liver-spleen scan 
showed hepatic dysfunction, but no discrete masses. 
After 6,000 rad of %Со radiotherapy, tumor per- 
sisted. Chemotherapy was administered. Within 8 
months, the patient died. 


Case 4. A 49-year-old woman presented to an- 
other institution with a several-day history of symp- 
toms consistent with an upper respiratory tract in- 
fection. She complained of progressive shortness of 
breath and stridor, and was admitted in acute air- 
way distress. She improved with intravenous antibi- 
oties and steroids, obviating the need for endotra- 
cheal intubation or tracheostomy. A CT showed 
diffuse enlargement of the thyroid gland and para- 
tracheal soft tissues, with circumferential stenosis 
and edema of the subglottis. Fiberoptic laryngos- 
copy revealed a right vocal cord paralysis and a 
right subglottic mass. Her medical history was sig- 
nificant for a goiter. After transfer to our institu- 
tion, the patient continued to exhibit mild stridor. 
On physical examination the thyroid gland was 
found to be diffusely enlarged and the entire neck 
was tender to palpation. Flexible fiberoptic laryn- 
goscopy revealed a fixed right vocal cord in the par- 
amedian position. In addition, an erythematous, 
granular subglottic mass causing 50% airway oc- 
clusion was found. Her preoperative chest radio- 
graph was normal. The patient underwent total 
thyroidectomy and tracheostomy. The mass had in- 
filtrated the strap muscles, larynx, and trachea. 
The localized tracheal invasion caused weakness of 
the entire anterior and lateral walls. The tumor also 
invaded the cricothyroid membrane and the sub- 
glcttic areas. The entire tumor was shaved off the 
trachea without sacrifice of vital structures. Intra- 
operative rigid esophagoscopy revealed no obstruc- 


tive lesions. Pathologic assessment revealed a mod- 
erately differentiated squamous cell carcinoma of 
the thyroid gland, with extracapsular spread and 
direct tracheal cartilage invasion (Fig 2A,B). Tu- 
mor er boli were seen in several large blood vessels 


(Fig 2С). 


The patient subsequently received 5,950 rad of 
external beam radiation. After completion of radio- 
therapy, a chest radiograph and a CT (Fig ЗВ) 
showec a l-cm subpleural nodule in the right lower 
lobe of the lung. A bone scan revealed a lesion 
metastatic to the left pubic bone (Fig 3C). External 
beam radiation was delivered to this bone metas- 
tasis чу th resolution of pain. A repeat chest radio- 
graph showed enlargement of the nodule. Chemo- 
therapy was administered but the patient died ap- 
proximately 6 months following her initial diagno- 
sis. 


DISCUSSION 


The clinical presentation and subsequent course 
of the four patients presented here are consistent 
with p-eviously reported small series. Most patients 
presen- in the fifth and sixth decades.” Our patients’ 
ages ranged from 48 to 76 years. There is no sex pre- 
dilection,''! although three of the four patients pre- 
sentec here are women. Many patients have a previ- 
ous hi&ory of goiter, with a sudden enlargement of 
the neck mass.? Two of our four patients had a 
history of thyroid disease. Hoarseness and dys- 
phagis are common complaints,? as seen in two of 
our fo 1r patients. Squamous cell carcinoma of the 
thyrcid is a universally fatal disease, with most pa- 
tients lead within 1 year or less of diagnosis.’ The 
average time from diagnosis until death was 8 
months in our series. 


Diagnosis of squamous cell carcinoma of the thy- 
roid can be suspected on the basis of its clinical be- 
havier. It is a rapidly growing tumor that often pre- 
sents with tracheal or esophageal compression 
and/or invasion. When these occur, symptoms of 
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Fig 2. (Case 4) A) Malignant squamous cells within thyroid gland (H&E, original x320). B) Malignant squamous cells in thyroid 


gland demonstrating keratinization (H&E, original x100). C) 


Squamous cells within large blood vessel (H&E, original x250). D) 


Positive thyroglobulin staining indicative of primary tumor origin in thyroid. 


dysphagia, dyspnea, hoarseness, and neck pain may 
ensue. All four patients demonstrated some combi- 
nation of these symptoms. At the time of surgery, 
the tumor is usually found to be unresectable. Since 
both anaplastic carcinoma of the thyroid and poor- 
ly differentiated carcinoma may behave in a similar 
fashion, "^? the diagnosis must be confirmed histo- 
logically. 


Microscopically, squamous cell carcinoma of the 
thyroid is seen as infiltrating strands, nests, and 
sheets of neoplastic squamous cells within the thy- 
roid gland. Keratin formation and/or intercellular 
bridges, seen in squamous cell carcinoma at other 
sites, are necessary for diagnosis.* Metaplasia from 
a normal follicular epithelium to a neoplastic 
squamous cell epithelium may be noted. There may 
be a minimal amount of normal thyroid tissue re- 
maining.” Sections of adjacent skeletal muscle, 
tracheal wall, or esophageal wall may show infil- 
tration. Squamous cells may also be seen in lym- 
phatics. 


Squamous cells in microscopic examination of 
thyroid tissue are not unusual. Squamous epitheli- 
um may appear on histologic sections of a normal 
thyroid gland. These cells may be encountered in an 
adenomatous goiter or in primary and secondary 


myxedema. They may also accompany Hashimoto's 
and chronic nonspecific thyroiditis. Thyroid ab- 
scesses may contain squamous cells, as may areas of 
scar formation in the gland. Occasionally, squa- 
mous cells also may be seen in other thyroid carci- 
nomas.*^!*!* Miyauchi et al'* reported three cases 
of intrathyroidal epithelial thymomas in which neo- 
plastic squamous cells were found. Forty percent of 
papillary and mixed papillary/follicular carcinoma 
may contain squamous areas." It is well doc- 
umented that papillary and follicular carcinomas 
are derived histogenetically from the follicular epi- 
thelial cells of the thyroid. 


The origination of primary squamous cell car- 
cinoma in the thyroid, however, remains controver- 
sial. One theory is that cells arise from the ultimo- 
branchial body, an outpouching of the fourth bran- 
chial complex. This structure is completely in- 
distinguishable from the rest of the thyroid tissue 
after the 31- to 35-mm embryonic stage, making 
this theory difficult to prove. 


Another theory proposes that squamous cells de- 
rive from thyroglossal duct remnants. One would 
therefore expect the pyramidal lobe, which is 
formed from the lowest part of the thyroglossal 
duct, to be the site of origin of squamous cell car- 
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Fig 3. (Case 4 A) Computed tomogram of neck demonstrating 
large soft tissue mass in region of both thyroid glands. B) Com- 
puted tomogram of lung showing subpleural nodule in right low- 
er lobe. C) Bone scan revealing increased uptake of technetium 
99m medronat= methylene diphosphonate in region of left superi- 
or pubic гати. 


cinoma of the thyroid. In almost all reported cases, 
the leteral lobes are thought to be the origin of the 
carcinoma.? In addition, there have been very few 
reported cases of squamous cell carcinoma in thyro- 
010521 duct cysts.'* If these truly represented the 
origir of squamous cell carcinoma in the thyroid, 
one vould expect more cases in thyroglossal duct 
cysts as well 


The third theory suggests that squamous meta- 
plasia occurs in normal, inflamed, or neoplastic 
follicular ep thelium. An altered environment or a 
stimu us for altered function of the epithelial cells 
may result n squamous metaplasia.** This con- 
stitutes the most widely accepted theory.* It is con- 
sistent with the finding of squamous metaplasia in a 
spectrum of other tumors, including papillary and 
follicular carcinoma, adenoacanthoma, and adeno- 
squamous carcinoma." 


Another umproven theory proposes that an immu- 
nologi» process or biochemical imbalance induces 
changes in the cells. Some authors question whether 
chronic inflammation contributes to an immuno- 
logic or biochemical derangement that then predis- 
poses to squamous metaplasia.*'* 


The fiading of squamous cell carcinoma of the 
thyroid Еу the pathologist is not sufficient to make 
the ultir ate diagnosis of a primary thyroid carci- 
noma. The thyroid gland is in close proximity to the 
larynx, trachea, and esophagus. Direct invasion of 
the thyrcid by locally aggressive tumors at these 
sites and their involved lymph nodes is well docu- 
mented ??? Partial or total thyroid excision is often 
included n en bloc resection of primary carcinomas 
at these other sites. Patients with tumors of the up- 
per aerecigestive tract may present initially with 
symptom: also seen in squamous cell carcinoma of 
the thyro d. Both the preoperative workup and in- 
traoperat ve findings are therefore necessary to help 
differentiate between primary carcinoma and sec- 
ondary involvement from local tumor extension. 


Preoperatively, a thorough history and complete 
head and neck examination are essential. Chest ra- 
diographs, esophagram, CT, and magnetic reso- 
nance imaging are useful where indicated. Fine 
needle asp iration biopsy may also aid in diagnosis. 


Intracperatively, gross inspection may reveal the 
bulk of the tumor mass and point toward a primary 
origin. Eic psy samples from specific regions may be 
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sent for frozen section. Often, because of the extent 
of disease, complete resection is impossible. Direct 
laryngoscopy, bronchoscopy, and esophagoscopy 
should be performed to evaluate the entire upper 
aerodigestive tract thoroughly. If these sites are free 
of tumor or marginally involved, a diagnosis of 
primary squamous cell carcinoma of the thyroid 
can be made with greater confidence. 


In addition to local invasion, the thyroid is infre- 
quently the site of metastatic involvement from dis- 
tant sites. The most common tumors to metastasize 
to the thyroid are hypernephroma, breast, lung, 
and gastrointestinal tract carcinomas.?!' Mortenson 
et al,? in a postmortem study, found a 3.9% inci- 
dence of metastasis to the thyroid gland from dis- 
tant sites. However, in no patient was the thyroid 
found to be the only organ involved in the metastat- 
ic process. Wychulis et al?' found ten of 20,262 pa- 
tients (0.05%) undergoing operations on the thy- 
roid to have proven blood-borne metastases to the 
gland. Elliott and Frantz?? found 14 metastatic tu- 
mors in the thyroid appearing at first to be primary 
thyroid disease. The sites of origin were subse- 
quently found to include the kidney, colon, lung, 
breast, and skin. Many studies have shown that if 
metastatic lesions are found in the thyroid, these le- 
sions are part of a carcinomatosis. A full metastatic 
workup is thus essential in all cases of squamous cell 
carcinoma of the thyroid, to rule out an occult pri- 
mary tumor at another site. 


Therefore, an aggressive search for occult pri- 
mary squamous tumors of the upper aerodigestive 
tract, as well as other sites, is essential for determin- 
ing treatment and ultimate prognosis. If the lesion 
is a primary carcinoma of the thyroid gland, the 





treatment of choice is radical surgery in resectable 
cases.* Postoperative radiotherapy has been used in 
most reported series as adjunctive therapy. Radio- 
therapy, however, has been universally unsuccess- 
ful in controlling pain, eliminating compressive 
symptoms, or prolonging survival. *'4 Because there 
is limited experience with chemotherapy in this 
disease, the results cannot be evaluated fully. 
Squamous cell carcinoma originating in the thyroid 
gland portends a poor prognosis regardless of 
therapy. 


Secondary involvement of the thyroid, however, 
may be more amenable to palliation or cure. Tu- 
mors involving other areas of the aerodigestive tract 
that locally invade the thyroid may be curable by 
resection. These tumors may be more radiosensitive 
as well. Lesions metastatic to the thyroid gland may 
also be less aggressive than primary tumors of the 
gland. Total thyroidectomy may provide local pal- 
liation for single metastases from slow-growing 
tumors, such as carcinoma of the kidney or breast. 
Alternatively, patients with metastases from a more 
widespread or aggressive tumor, such as carcinoma 
of the lung, may not benefit greatly from thyroidec- 
tomy.? 


In conclusion, primary squamous cell carcinoma 
of the thyroid gland represents a diagnostic dilem- 
ma, and continues to be a challenge for the otolar- 
yngologist-head and neck surgeon. Thorough eval- 
uation, as performed in all four cases presented 
here, will help to confirm the diagnosis. These cases 
provide further evidence that primary squamous 
cell carcinoma of the thyroid gland behaves aggres- 
sively, and carries a uniformly poor prognosis re- 
gardless of the treatment. 
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VENTRAL CLEFT OF THE LARYNX IN AN ADULT 
CASE REPORT 


JOYCE А. ScHILD, MD 
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Congenital clefts of the larynx are rare and usually found dorsally. This case report describes a patient with a partial anterior nonfu- 
sion, or ventral cleft, of the thyroid cartilage. This was first noted on computed tomography of the larynx used for delineation of carcinoma 
and was confirmed by horizontal whole mount histologic sections of the resected larynx. The thyroid cartilage suggested arrested fusion of 
the laminae in the middle to late embryonic period. This patient had an adult form of this rarely reported anomaly and the first, to our 


knowledge, detected with CT scan. 


KEY WORDS — congenital abnormality, thyroid cartilage. 


INTRODUCTION 


Congenital laryngeal cleft anomalies are rare and 
usually found dorsally through the posterior plate of 
the cricoid. Patients generally have symptoms of 
respiratory, feeding, and phonatory difficulties. 
Cotton and Richardson,' in their review of con- 
genital laryngeal problems, describe diagnostic ma- 
neuvers for infants with such symptoms and stress 
the importance of early diagnosis for most effective 
management. They describe posterior laryngeal 
clefts, but do not mention anterior defects. 


Few prior reports of anterior defects of the thy- 
roid cartilage were found in our literature re- 
view.??('209 Semon,* in 1892, described a living 
adult with dysphagia who had wide separation of 
the thyroid laminae. Hutter? reported the postmor- 
tem findings of a malformation of the thyroid car- 
tilage in a l-year-old who died of pneumonia. 
Montgomery and Smith‘ reported the surgical find- 
ings in a 17-year-old boy with a voice abnormality 
who was found to have overlapping thyroid lami- 
nae. The case reported here describes a patient with 
a ventral cleft or nonfusion of the thyroid cartilage. 
This was first noted on computed tomography of 
the larynx obtained to delineate carcinoma and was 
confirmed on horizontal sections of the resected lar- 
ynx. 


CASE REPORT 


А 63-year-old man was hoarse for 6 months. He 
had no history of neck trauma, respiratory illnesses, 
dysphagia, or unusual voice prior to the onset of his 
presenting symptoms. At direct laryngoscopy, a 
squamous cell carcinoma was found on the left true 
vocal cord and adjacent false cord. The anterior 


commissure was obscured by overhanging false 
cords. He subsequently had a total laryngectomy, 
left thyroid lobectomy, and left neck dissection, 
followed by radiation and chemotherapy. 


To delineate the tumor, CT scans with infusion 
were obtained in 5-mm overlapping sections with a 
GE CT-9800 scanner (Fig 1A). The cricoid cartilage 
was intact, but an unusual, symmetric, S-shaped 
configuration of both thyroid laminae was present 
(Fig 1B). Anteriorly, there was a separation of the 
laminae, except at the lowest extent of the thyroid 
cartilage (Fig 1C). 


On examination of the resected specimen, par- 
ticular attention was directed to the anterior com- 
missure and precartilaginous soft tissue for both 
anatomic landmarks and tumor spread. Gross in- 
spection disclosed that the mucosa was ulcerated 
over the left-sided tumor mass. The superior horns 
of the thyroid laminae were absent bilaterally, and 
the hyoid bone was coarsely contoured and flat. 


The larynx was sectioned by a horizontal whole 
mount technique." Each section was 0.02 mm thick, 
and every tenth section was stained. Margins of the 
resected specimen were free of tumor. Histologic ex- 
amination showed a squamous cell carcinoma in- 
volving the left true and false vocal cords. The 
cricoid cartilage was not invaded, but tumor eroded 
the anterior portion of the left thyroid cartilage 
lamina at the true vocal cord level in a lobulated 
manner (Fig 2A). Caudally, tumor invaded the in- 
ternal table, but the laminae were continuous, and 
the perichondrium was intact on the outer surface. 
Above the erosion, the splayed thyroid cartilage 
laminae were covered individually by perichon- 
drium and separated by fat and connective tissue 
(Fig 2B). Where the laminae were not fused, the 
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e ongated S curvature of the laminae was the same 
as that seen on CT scan (Fig 2B,C). 


DISCUSSION 


Embryologic development of the larynx is a com- 
plex process initially involving budding of the 
respiratory system from the pharynx, first seen at 22 
cays (stage 10). The embryonic vestibule of the 
larynx is developed noticeably by 41 to 44 days 
(stage 18), and by 47'/, days (stage 19) several car- 
tilage anlagen have appeared. The thyroid cartilage 
laminae develop from the fourth branchial arches 
im close proximity to the third arches, and in later 
stages there may be continuity dorsally between the 
greater horns of the hyoid and superior horns of the 
thyroid.” The laminae are separated by the soft 
-issue ef the ventral lamina (or copula) into which 
-hey later extend ventrally.'? The copula eventually 
эесотеѕ the median cricothyroid ligament. By the 
-hird lunar month the laminae have fused caudally 
in the ventral midline, resulting in a deep in- 
cisura.'' With further development, the fusion ex- 
tends more cephalad to form the normal contours of 
the upper border of the incisura and laminae. 


Fix _. Computed tomographic scans. A) At level of true 
vo a cords with tumor (Tu) on left. Adjacent thyroid car- 
til.g2 does not appear eroded. There is widened space be- 
tween thyroid lamina (T) and arytenoid (A) on left. B) At 
lewel of lower false cords with tumor on left side of larynx. 
Nete anterior separation (arrow) and unusual S curvature of 
throid laminae. C) At higher level than B, showing wider 
sesa-ation of laminae (arrow). 


Anomalies of the superior cornua, including ab- 
sence!?! and deformity,'*'5 have been described 
often by anatomists and clinicians. Triticeal car- 
tilazes are well-known vestiges of the common em- 
bry оріс development of the third and fourth 
arc5es.'* In contrast, Tillman and Wustrow? have 
stated that nonfusion of the thyroid cartilage rarely 
occurs. Only three prior case reports clearly de- 
scr Бе complete nonfusion of the thyroid cartilage. 
In 1892, Semon‘ described the first clinical case 
report in a 26-year-old woman with dysphagia that 
he ascribed to an esophageal diverticulum. She had 
a palpable, widely separated, anterior nonunion 
and unequally high cartilage laminae. In 1908, 
Het-er® reported the postmortem findings in а 
]--ear-old who died of measles, scarlet fever, and 
ргептопіа. The two halves of the thyroid cartilage 
coukd be moved independently and were separated 
by "ibrous tissue, and each lamina was found to 
hev2 its own perichondrial covering. A cavity was 
foumd extending ventrally from the dehiscence. In 
1973, Montgomery and Smith’ reported the surgical 
fimcings in a 17-year-old boy with a high-pitched 
vcice who was found to have nonfused overlapping 
thy-oid laminae. They were disengaged and reposi- 
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Fig 2. Histologic sections (H & E). A) At level of true vocal cords. 
Tumor has eroded both surfaces of left thyroid lamina (T). B) At 
lower false cord level. Tumor (Tu) is seen in soft tissue separating 
individual, perichondrium-covered thyroid laminae (T). Tumor 
surrounds left arytenoid (A). Contour of thyroid laminae is same 
as in Fig 1B. C) At higher level than B. Connective tissue and 
glands between thyroid laminae. Tumor (Tu) is lateral to left sac- 
cule. Perichondrium is intact. 


tioned, resulting in normal male phonation. Poly- 
tomography had not been done, and the authors 
suggested that it would have been valuable in the 
initial evaluation. 


Unlike the above patients with completely sepa- 
rate laminae, our patient had fusion at the lowest 
portion of his thyroid cartilage. The unfused upper 
portion took the form of an extremely deep cleft 
similar to that present in a 47-mm crown-rump 
length human embryo illustrated by Wind." The 
cartilages were splayed, and each lamina had an 
elongated S shape. Absent superior horns and a de- 
formed hyoid were also part of our patient's de- 
formity. The combination of incomplete cleft, ab- 
sent superior horns, and deformed hyoid suggests 
arrested development in the middle to late embry- 
onic period. 


Patients with laryngeal clefts described by pre- 
vious authors had altered phonation, ventral cul de 
sac formation, or swallowing problems. The per- 
sistence of soft tissue between nonfused thyroid 








laminae may also be a path for disease infiltration 
through this area, as in Hutter’s® patient who had 
inflammatory changes and in our patient. Intact 
cartilage is well known to be resistant to malignant 
invasion." However, Broyles'® found a natural 
"weak spot" at the anterior attachment of the vocal 
ligament at the normal fusion line of the thyroid 
cartilage, and he believed that any deficiency in the 
cartilage could be easily penetrated by neoplasm. 
The patient in our report had tumor invasion of the 
thyroid cartilage and soft tissue infiltration an- 
teriorly at the dehiscent area, while the intact cri- 
coid cartilage showed no invasion, even with tumor 
in adjacent soft tissue. These findings suggest that 
there was less resistance to spread of carcinoma 
through the cleft in the cartilage. 


SUMMARY 


We present a 63-year-old patient with an in- 
complete ventral cleft of the thyroid cartilage. Ven- 
tral cleft, or nonfusion, of the thyroid cartilage of 
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the .arynx is a rarely recognized congenital anomaly 
tha probably occurs as a result of arrested or faulty 
development in the middle to late embryonic peri- 
od. Though patients can have minimal symptoms, 
the; may be at risk for early disease spread through 


the cehiscence. Ап accurate evaluation of the 
anomaly can be gained by CT, as shown in this 
case, in which it was possible to correlate the CT 
findirg of unusual cartilage shape with horizontal 
sections of the larynx. 
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VOICE RESTORATION FOLLOWING LARYNGECTOMY: 
THE ROLE OF PRIMARY VERSUS SECONDARY 
TRACHEOESOPHAGEAL PUNCTURE 
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A protocol was established at our institution to compare a series of primary and secondary tracheoesophageal punctures using the 
Singer-Blom voice prosthesis. Over a 24-month period, 20 primary and 18 secondary punctures were performed. Voice production, fluency 
of voice, and functional use were graded. Our data support the use of both primary and secondary voice restoration following laryngec- 


tomy. 


KEY WORDS — laryngectomy, tracheoesophageal puncture, voice restoration. 


INTRODUCTION 


Tracheoesophageal puncture, as pioneered by 
Singer and Blom,' has proven to be an effective, re- 
producible endoscopic technique for producing ac- 
ceptable alaryngeal communication. Despite re- 
ports documenting greater proficiency and intel- 
ligibility of tracheoesophageal speech,^* a recent 
study indicates that noninvasive means of speech 
support continue as the predominant method of re- 
habilitation for alaryngeal patients." In fact, it is es- 
timated that tracheoesophageal puncture is used 
only by approximately 30% of otolaryngologists in 
this country. 


Primary voice restoration at the time of laryngec- 
tomy developed from the concepts derived from sec- 
ondary techniques. Despite recent data advocating 
this technique,* ? in some institutions this proce- 
dure is considered to be contraindicated." 


A protocol was established in our institution to 
compare a series of primary tracheoesophageal 
punctures with a series of secondary procedures. 
Functional use, speech quality, and level of self- 
care were all rated and graded. Complications 
associated with each procedure were noted. With 
appropriate patient selection, it appears that both 
primary and secondary tracheoesophageal puncture 
provide acceptable verbal communication for the 
laryngectomee, thereby enhancing psychological as 
well as speech rehabilitation. 


METHODS 


This series consists of 38 patients treated over the 
2-year period from September 1985 to September 
1987 at the Long Island Jewish Medical Center. 
There were 25 men and 13 women. Ages ranged 


from 42 to 75 years, with a median age of 59 years 
for the entire group. Primary puncture patients 
averaged 59 years of age, and the secondary punc- 
ture patient group averaged 58 years. 


Laryngectomy was carried out for T3 or T4 histo- 
logically proven squamous cell carcinoma. Wide- 
field total laryngectomy was performed on 15 pa- 
tients, total laryngectomy and neck dissection on 16 
patients, and laryngopharyngectomy with or with- 
out neck dissection on the remaining seven. А total 
of 20 of 38 patients received either preoperative or 
postoperative radiation therapy; 13 of these re- 
ceived primary punctures, and seven, secondary. 


Primary tracheoesophageal puncture, defined as 
voice restoration at the time of laryngectomy, was 
performed on 20 of 38 patients. Those patients who 
underwent laryngopharyngectomy received recon- 
structions with either a free jejunal segment (six of 
seven) or a free radial forearm microvascular trans- 
fer (one of seven). All patients underwent stoma- 
plasty and myotomy of the pharyngoesophageal 
segment. Those patients undergoing laryngophar- 
yngectomy with reconstruction had myotomies per- 
formed on the jejunal segment. Singer-Blom pros- 
theses were employed uniformly and were fitted 14 
days following surgery. 


Secondary procedures, defined as voice restora- 
tion at a time subsequent to total laryngectomy, 
were performed on 18 of 38 patients. The shortest 
interval between the two procedures was 6 months, 
and the longest delay was 30 months. The average 
time interval from laryngectomy to secondary pro- 
cedure was 13 months. On the basis of air insuffla- 
tion testing prior to puncture, pharyngeal constric- 
tor myotomy was not necessary on any patient. 
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TAELE 1. COMPARISON OF PRIMARY AND SECONDARY 
TRACHEOESOPHAGEAL PUNCTURES 


No. of Patients 
Receiving Each Score 





3 2 1 0 
Primary (п = 19) 
Functional use 7 4 0 8 
Speech quality 6 5 3 5 
Level of se f-care 9 5 3 9 
Secondary (n= 18) 
Functional use 5 3 5 5 
Speech quality 6 5 4 3 
Level of sed-care 10 4 2 2 


Rat ng scale ог functional use and speech quality was as follows: З — 
excellent, 2 — good, 1 — fair, 0 — poor. For level of self-care, 3 — in- 
dependent, 2 — needs some assistance, 1 — needs significant assistance, 
0 — unable. 


Singer-Blom prostheses were employed throughout, 
with fittings done 48 to 72 hours following the sur- 
gica procedure. 


RESULTS 


Tae bass of this report is follow-up information 
avaiable оп 37 of 38 patients (97.3%). One patient 
who unde-went laryngopharyngectomy and neck 
dissection with jejunal interposition and primary 
puneture Gied of causes unrelated to his procedure 
prior to fit ing and therefore was excluded. 


All patients were evaluated by a panel of inde- 
pencent ooservers consisting of two speech-lan- 
guage professionals and one layman. Rating scales 
were established to assess functional use, speech 
qual ty, and level of self-care (Table 1). Three pa- 
tients, two with primary punctures and one with a 
secondary puncture, had their prostheses removed 
at their own request. These were graded and were 
included in the overall averages. 


Of the 1© primary punctures available for evalua- 
tion, the average score for functional use was 1.5. 
Secondary punctures averaged 1.4. Seven of 19 pri- 
mary punc-ures (37%) achieved excellent grades, 
while five cf 18 secondary punctures (27%) did so 
(Tabie 1). The number of speech therapy sessions 
was found to be proportional to the extensiveness of 
the surgical procedure. 


Speech cuality ratings were based on articula- 
tion, intensity, and fluency. The average was 1.6 
for tne primary puncture group and 1.8 for the 
secordary puncture group. Although six of 19 pa- 
tients (31.5%) in the primary group and six of 18 
(33.3%) in the secondary group received excellent 
ratinzs, it was apparent that more patients in the 
secondary group than in the primary group achieved 
some degree of speech quality. Five primary pa- 
tient: had poor speech quality, as opposed to three 
secondary patients (Table 1). 


The thirc category was a rating of the ability of 
patients to care for their prostheses, with averages 
of 2.1 and 2.2. A slight difference was noted be- 


TABLE 2. QUESTIONNAIRE AND RESPONSES 


l. What percentage of time is tracheoesophageal speech used? 
070 —1 25% —4, 50% —0, 75% —0 100% — 10 


2. Woukl you undergo the experience again or recommend і: to 
another? 


Yes — 15 No — 0 

3. Is it cifficult to care for the prosthesis? 
Yes — 2 No — 13 

4. Was wearing a tracheoesophageal valve successful? 
Yes — 5 No — 10 


5. What was your most positive experience? 
Oppo-tunity to develop a more comfortable form of speech. 


6. What was your most negative experience? 
Initia: difficulty with valve fitting. 
Initia: difficulty in caring for prosthesis. 
Emo*twnal difficulty adjusting to quality of voice. 
Unsuccessful use of wearing tracheostomal valve. 


Answer: show number of patients giving each response; items 5 and 6 
show typical responses. 


tween g-oups with regard to the percentage of those 
receivinz the highest grades. Ten of 18 secondary 
patients (56%) were felt to be independent with 
regard %о self-care, while only nine of 19 primary 
patients (47 % ) were able to care for their prostheses 
independently (Table 1). 


A questionnaire was distributed to all patients, 
and 15 of 37 (41%) responded, including one pa- 
tient who requested that the prosthesis be removed. 
Responsss were overwhelmingly in favor of tracheo- 
esophag2al speech, despite the difficulties associ- 
ated with it (Table 2). 


COMPLICATIONS 


Complications resulting directly from the surgi- 
cal procedures were few. Three postoperative fistu- 
las (15%) were observed in the primary group, and 
these healed spontaneously. Two patients in the 
primary group (10.5%) complained of persistent 
leakage around the prosthesis, and the prosthesis 
was removed from one (5%). A persistent fistula re- 
quiring 2losure remained. One patient (5%) early 
in the se-ies developed stomal stenosis and required 
revision. 


No infections were noted in the group with sec- 
ondary punctures. Similarly, no patients com- 
plained of persistent leakage, and stomaplasty was 
not required. 


DISCUSSION 


The simplicity and effectiveness of tracheoesoph- 
ageal puacture make it the most desirable surgical 
procedure for voice restoration. Nevertheless, its use 
has not been accepted uniformly and still remains 
somewhzt controversial. 


Comp ications have been associated with both 
primary and secondary punctures.'*^'^ It appears 
that leakage of saliva around the prosthesis is the 
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most commonly seen complication, with a reported 
incidence of up to 13% of cases.'? Similar findings 
were noted in our series; however, leakage was 
limited to two patients, both of whom had primary 
punctures followed by postoperative radiation 
therapy. In one of these, unfortunately, it resulted 
in removal of the prosthesis followed by persistent 
tracheoesophageal fistula that required closure. 


Stomal stenosis, which has been considered a sig- 
nificant problem, was noted in one patient early in 
the series. Since that time appropriate measures 
have been taken in each case to prevent further 
recurrence. Anterior stomaplasty at the time of 
laryngectomy appears to create a stoma that will 
resist shrinkage, thereby avoiding the potential for 
stenosis. 


Finally, although not considered a complication, 
many of these patients develop granulation tissue 
either within or around the fistula tract a year or 
more following the procedure. This is managed 
easily with cauterization using silver nitrate. 


Failures must be analyzed on two levels: techni- 
cal and functional. Myotomies are performed on all 
patients undergoing laryngectomy or laryngophar- 
yngectomy. Although controversial, the use of the 
constrictor myotomy appears to facilitate the devel- 
opment of voice production." ?? We have found this 
to be unquestionably the case, as air insufflation 
demonstrated voice production in all patients prior 
to secondary puncture, and as all patients undergo- 
ing primary puncture developed voice. Further- 
more, the fear of increased fistula development 
resulting from myotomies performed at the time of 
primary puncture appears not to be justified. Our 
incidence, and that reported by others,? was no 
greater than that routinely reported following 
laryngectomy.?! 


Functional failures appear to be the major cause 





of removal of the prosthesis. Salivary leakage lead- 
ing to removal and persistent fistula can perhaps be 
attributed to postoperative radiation therapy. Of 
the remaining 12 patients undergoing primary punc- 
ture and postoperative radiation therapy, however, 
only one had persistent leakage, and he was able to 
use the prosthesis effectively. The remaining three 
patients, whose operations were considered func- 
tional failures, requested removal for psychological 
or emotional reasons. 


Although only 40% of patients responded to the 
questionnaire, it does appear that there is overall 
satisfaction with tracheoesophageal puncture and 
voice. This by no means represents a unanimous 
opinion; however, it does appear to reflect ac- 
curately a majority of those polled. 


CONCLUSION 


Our series has demonstrated that primary and 
secondary punctures are equally effective in permit- 
ting the development of tracheoesophageal speech. 
While no surgical procedure is free of complica- 
tions, those noted with this procedure are minimal 
and not life-threatening. In comparing the two 
groups, it does appear that the incidence of compli- 
cations associated with primary puncture is slightly 
higher than that seen with the secondary group. 
This should not, however, deter surgeons from em- 
ploying both methods, since overall complications 
are comparable with those of other reported series. 


The primary goal of rehabilitation following lar- 
yngectomy is to return patients effectively to their 
preoperative psychological and functional status. 
Despite challenges to the contrary, this investigation 
demonstrates both the effectiveness and efficiency 
of tracheoesophageal puncture in attaining these 
goals. It clearly should be considered as the method 
of choice for rehabilitation of the laryngectomee. 
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Patients with gastroesophageal reflux (GER) present to the head and neck specialist with a myriad of nonspecific complaints that may 
be manifestations of pharyngoesophageal or upper airway involvement. Numerous diagnostic tests for GER have been used in the past 
with varying success. In the present study, gastroesophageal scintigraphy using °*"technetium-sulfur colloid was used to evaluate 28 pa- 
tients with head and neck manifestations of GER. The role of gastroesophageal scintigraphy as an accurate and noninvasive method of 
detecting GER is discussed in the context of other current diagnostic modalities. 


KEY WORDS — gastroesophageal reflux, gastroesophageal scintigraphy, scintigraphy. 


INTRODUCTION 


Gastroesophageal reflux (GER) is defined as the 
reflux of gastric contents into the esophagus. It is 
prevalent in all age groups and is considered a nor- 
mal physiologic event when occurring after meals. 
Benjamin! makes an important distinction between 
those patients who have symptoms of GER and 
those who develop pathologic sequelae such as 
esophagitis, stricture, Barrett's epithelium, chronic 
hypopharyngeal/laryngeal disease, asthma, and re- 
current aspiration pneumonias. The latter is desig- 
nated gastroesophageal reflux disease (GERD), and 
the former, symptomatic gastroesophageal reflux 
(SGER). Symptomatic gastroesophageal reflux is 
the most common gastroesophageal disorder. Daily 
heartburn symptoms have been estimated to occur 
in up to 7% of the general population. In fact, the 
overall incidence of GERD may be as high as 
30 % .?-* The exact incidence, however, is unknown, 
since many patients never seek medical attention. 
In addition, some have atypical reflux manifesta- 
tions that remain undiagnosed. 


Symptomatic gastroesophageal reflux is often un- 
associated with disease states. Gastric contents may 
remain in the lower esophagus or ascend to involve 
the upper aerodigestive tract. Involvement of the 
hypopharynx, larynx, oropharynx, and tracheo- 
bronchial tree is thought to be responsible for the 
protean extraesophageal manifestations of this dis- 
order.” There is a growing body of evidence impli- 
cating GER as a cause for many head and neck-re- 
lated complaints and pathologic states of the larynx 
and pharynx.*" In addition, GER may present іп 
an occult fashion in which many of the common 
symptoms, such as perixyphoid burning (pyrosis), 
esophageal spasm, oropharyngeal regurgitation, 


and water brash, are absent, and pulmonary or 
head and neck manifestations predominate (Table 
1). Head and neck-related presentations of GERD 
therefore may be misdiagnosed. In addition, bona 
fide symptoms may be attributed incorrectly to a 
psychogenic problem and labeled as globus hysteri- 
cus." 


This paper emphasizes the strategic role of the 
otolaryngologist in the treatment of GERD and the 
importance of considering this entity in the dif- 
ferential diagnosis of various disorders of the head 
and neck. Our early experience with gastroesopha- 
geal scintigraphy in the evaluation of these patients 
is discussed, along with a review of other currently 
available diagnostic modalities for GERD detec- 
tion. 


PATIENTS AND METHODS 


Patients. Gastroesophageal scintigraphy was used 
to evaluate nine men and 19 women (ages 22 to 81) 
presenting to the New York Eye and Ear Infirmary's 
otolaryngology-head and neck clinic. All patients 
had signs and symptoms thought to be related to 
GERD. A questionnaire form was used to facilitate 
patient history taking and to standardize reporting 
of physical findings.’ The most frequent symptoms 
included foreign body sensation (19 patients), oro- 
pharyngeal pyrosis/odynophagia (17 patients), 
hoarseness (14 patients), dysphagia (12 patients), 
and regurgitation (12 patients). 


Scintigraphic Method. Scintigraphy was per- 
formed in the upright position as the patient drank 
150 mL of orange juice labeled with 500 „Ci of 
?"technetium-sulfur colloid. Subsequently, the pa- 
tient rinsed and cleared the upper esophagus with 
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TABLE 1. MANIFESTATIONS OF 
GASTROESOPHAGEAL REFLUX 


Symptoms Signs 
Pharyngoesopnageal 
Buccal and lingual burning Lingual tonsillitis 
Halitosis Dental caries 
Otalgia Otitis media 
Lateral cervical pain Torticollis 
Rezurgitation/water brash Oropharyngeal/hypopharyn- 
geal erythema 


Esephageal angina/pyrosis Esophageal strictures/ulcers 


Foreign body or globus sen- 


sation Cricopharyngeal spasm 
Mucorrhea Barrett's epithelium/carcinoma 
Diverticuli 


Laryngeal and pulmonary 
Morning hearseness 
Chronic hcarseness 
Chronic throat clearing 


Posterior laryngitis 
Contact ulcers/granulomas 
Polyps/nodules/cysts 


Chronic cough Laryngeal pachyderma 
Nocturnal eough/ choking Pulmonary aspiration 
Apnea/stridor Subglottic stenosis 


Thwrohyoic tenderness Laryngospasm 

approximately 250 mL of water. The patient was 
placed immediately in the supine position under a 
gamma camera equipped with a low energy, all 
purpose collimator. A technetium reference marker 
was taped over the thyroid cartilage for the first few 
minutes and then removed. Ingestion of the ra- 
dionuclide was recorded dynamically at l-second 
intervals оп transparencies and polaroid film and 
stored in a dedicated computer (Medical Data 
System A’) with a 128 x 128 matrix size. Imaging 
continued at 2-minute intervals for 1 hour. Addi- 
tionally, delayed images of the anterior and pos- 
terior ches: at 2 hours were recorded for evidence of 
pulmonary aspiration. The gastroesophageal junc- 
tion as wel as the hypopharynx was kept in view at 
all times. No provocation maneuvers, such as Val- 
salva’s maneuver or abdominal pressure binders, 
were used. Any patient with persistent activity in 
the stomach or esophagus at the termination of the 
study was rescanned the next morning to document 
aspiration during sleeping hours. The presence of 
activity above the gastroesophageal junction was 
considerec abnormal only if it appeared after the 
initial nuclide had completely cleared the esopha- 
gus. The scans were evaluated for esophageal dys- 
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motili », frequency and extent of GER, delayed 
gastric emptying, and pulmonary aspiration. Gas- 
troeso thageal reflux was considered present when 
activit®® was seen easily above the gastroesophageal 
junctien after all significant activity had cleared the 
esophzzus. Interpretation was performed by two 
nuclez- radiologists (R.G., F.O.). 


RESULTS 


Twenty-eight patients with head and neck symp- 
toms possibly attributable to GERD were assessed 
prospeetively by means of gastroesophageal scin- 
tigrap- v. Twenty-five patients showed no evidence 
of GER, delayed gastric emptying, esophageal 
dysmetility, or pulmonary aspiration during the 
perioc of examination. Gastroesophageal reflux was 
confir-ed by scintigraphy in three patients (11%). 
One san demonstrated ascending reflux into the 
postcrcoid and hypopharyngeal areas with esopha- 
geal crsmotility and delayed gastric emptying (see 
Figure . Another patient had reflux to the level of 
the mdesophagus, and a third patient had reflux to 
the lower esophagus. 


DISCUSSION 


Pat x genesis. The pathogenesis of GERD is com- 
plex, —ultifactorial, and poorly understood. Both 
acid rflux irritation and reflex events mediated by 
the vacus nerve are thought to be responsible for the 
myriac of symptoms seen in this disease. The lower 
esoph azeal sphincter (LES) is recognized as the ma- 
jor ав reflux barrier. Its tone is modulated by 
stress, various drugs, ethanol, nicotine, certain 
foods, and the pH of gastric contents. Pressure gra- 
dients across the LES are determined by intra- 
abdorainal pressures, posture, and gastric empty- 
ing. Acid clearance from the esophagus is an impor- 
tant fætor affecting the duration and volume of 
reflux episodes and is dependent primarily upon 
esophazeal motility. The tone of the upper esoph- 
ageal sphincter (cricopharyngeus muscle) prevents 
ascenc ng reflux and may influence the severity of 
extrae«phageal disease.'° Hiatal hernia and local 
mucosz. resistance to refluxed gastric contents may 
also p. y important roles in GERD.''^'5 Iatrogenic 
distur-ance of normal anatomic relationships by 
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Gastroesophageal scintigraphy using *""technetium-sulfur colloid. Hot markezs (arrows) are at level of thyroid cartilage. A) Image 
20, just seeonds prior to observed reflux episode. B) Image 22, demonstrating zastroesophageal reflux to postcricoid/ hypopharyngeal 
level. C) Image 28, moments after reflux episode, demonstrating residual nwelide spillage into pyriform sinus/postcricoid regions. 
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nasogastric intubation (stenting open the gastro- 
esophageal junction), cricopharyngeal myotomy, 
tracheotomy, or laryngeal conservation surgery 
promotes both reflux and aspiration. 


Demeester et al? demonstrated three patterns of 
GER occurring in the upright, recumbent, and 
combined positions. Patients with combined reflux 
patterns had the most severe esophagitis. Decreased 
esophageal acid clearance was also noted in these 
patients and was thought to be due to primary 
esophageal dysmotility. In addition, Orr et al" 
showed that acid clearance was decreased signifi- 
cantly during sleep in association with decreased 
swallowing. Prolonged episodes of nocturnal GER 
predispose these patients to upper esophageal reflux 
with involvement of the larynx, hypopharynx, and 
tracheobronchial tree. 


Reflux of acid into the hypopharynx has been as- 
sociated with cricopharyngeal muscle incoordina- 
tion and spasm, which may be partially responsible 
for the common "globus" or foreign body sensation 
often associated with СЕҢ ..!°!3 Temporary relief of 
symptoms is often achieved after rigid esophagos- 
copy, since the cricopharyngeus muscle is dilated 
with the esophagoscope.'* Other investigators have 
proposed cricopharyngeal myotomy for these pa- 
tients. "^ 


Prolonged exposure of the posterior larynx to re- 
fluxed acid during recumbency may play an impor- 
tant role in a variety of laryngeal disorders (Table 
1). Exposure of the larynx to acid in canine models 
produced vocal cord inflammation, ulceration, and 
granulomas in a study by Delahunty and Cherry. '° 
Acid posterior laryngitis in patients with docu- 
mented GERD was described by Delahunty” and 
later by Kambic and Radsel,?' with findings of ery- 
thema, edema, and hyperplasia of interarytenoid 
mucosa (pachyderma). This condition was also seen 
with granulomas and contact ulcers of the vocal 
processes in association with GER. Goldberg et al”? 
and Ward et al? demonstrated chronic laryngitis, 
chronic throat clearing, and vocal abuse in patients 
who demonstrated GER. Bain et al* and Little et 
al^ gave some evidence linking subglottic stenosis 
and GER. Chronic mucosal irritation was shown to 
produce persistent granulation tissue and exacerba- 
tion of a subglottic stenosis that improved after an- 
tireflux/antacid therapy. Bogdasarian and Olson? 
implicated GERD in promoting posterior laryngeal 
stenosis following endotracheal intubation. 


Gastroesophageal reflux has been implicated as 
an etiologic or contributing factor in various re- 
spiratory diseases, including aspiration pneumonia, 
pulmonary fibrosis, bronchiectasis, asthma, infan- 
tile stridor, and sudden infant death syndrome.?5-79 
Sontag et al? found antireflux surgery to improve 
the severity of asthma attacks significantly in adult 
asthmatics with GERD. Chernow et al,” using 


scintigraphy, were able to demonstrate pulmonary 
aspiration in patients felt to have GER-related re- 
spiratory symptoms. Gastroesophageal reflux dis- 
ease with involvement of the upper airway has been 
implicated as the cause of laryngospasm, nocturnal 
cough, and spastic dysphonia.?! Persistent erythema 
and edema of the larynx in patients with a history 
consistent with GERD may masquerade as a neo- 
plasm. Morrison?! suggested that GER may be an 
etiologic factor in some cases of laryngeal carci- 
noma. 


Diagnosis. Chronic GERD is an often unsus- 
pected cause of many complaints for which patients 
seek the aid of the head and neck specialist. These 
problems include mucorrhea, oropharyngeal burn- 
ing, dysphagia (globus sensation), otalgia, chronic 
cough/throat clearing, chronic hoarseness, uni- 
lateral thyrohyoid tenderness, regurgitation, 
asthma, and nocturnal cough arousal. The presence 
of posterior laryngitis, granulation tissue, and web 
formation in the absence of other etiologic factors 
may help strengthen the suspicion of GERD. While 
GERD can often be diagnosed on the basis of his- 
tory alone,’ this is not always possible. Other forms 
of dyspepsia, chest pain, or atypical symptoms may 
coexist, further complicating the clinical picture. 
Other disease states may increase aerophagia and 
promote GER. These include scleroderma, sinusitis, 
postnasal mucorrhea/allergic rhinitis, bulimia, gum 
chewing, nasogastric intubation, endotracheal in- 
tubation, tracheostomy, esophageal speech in the 
laryngectomized patient, and gastric transposition 
for pharyngoesophageal reconstruction. 


An occult form of GERD may occur in patients 
whose reflux episodes occur primarily during sleep. 
In these patients daytime symptoms of pyrosis, 
regurgitation, esophageal spasm, and water brash 
may be minimal, and head and neck manifestations 
predominate. Morning hoarseness that improves 
during the day may be the only clue that GER is oc- 
curring. Ossakow et al? found GER and/or 
esophageal dysmotility in most patients with cer- 
vical symptoms. Abnormal standard diagnostic ex- 
aminations (otolaryngologic examination, barium 
swallow study, upper endoscopy, and esophageal 
biopsy) as well as typical GER symptoms were 
usually absent in their series of patients with cer- 
vical symptoms. They hypothesized that the lower 
and midesophageal mucosa became insensitive to 
chronic acid exposure relative to the cervical 
esophagus, thus accounting for a localization of 
symptoms to the latter. 


A subgroup of patients may be refractory to ini- 
tial antacid and antireflux therapy; this would war- 
rant further investigation. The diagnosis of GERD 
must be made to the exclusion of other gastroesoph- 
ageal disorders, including achalasia, scleroderma, 
Plummer-Vinson syndrome, hypopharyngeal (Zen- 
ker's) diverticulum, esophageal carcinoma, stric- 
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TABLE 2. DIAGNOSTIC TESTS FOR САЅТЕС ESOPHAGEAL REFLUX 


Sensitivity Specificity 

Test (%) % Advantages 
Esophagram 40 85 

nia; good availability 
Manometry 58 84 Detects dysmotility and асћ №ѕіа 
pH monitoring 88 98 

quantitates acid reflux 
Esophagoscopy 68 84 

cers, strictures; permits bios 
Scintigraphy 88 98 


Values of sensitivity and specificity from Richter and Castell.” 


ture formation, foreign bodies, and esophageal mo- 
tility disorders.?*?* Therefore, an objective assess- 
ment of GER is necessary to confirm the suspected 
diagnosis and to guide therapy. 


Diagnostic Tests. While the single most impor- 
tant diagnostic effort for GERD detection rests 
upon a carefully obtained history, a variety of diag- 
nostic tests are available to aid the clinician. At the 
present time, however, there is no one widely ac- 
cepted diagnostic test to evaluate GERD. The con- 
fusion and variability of test results in the assess- 
ment of GERD is, in part, due to the number of dif- 
ferent tests available, the lack of standardized 
methodology, and the different parameters of 
GERD addressed by each test (Table 2?*). Exactly 
what constitutes pathologic GER and what is phys- 
iologically normal has not been universally agreed 
upon, and this further complicates our efforts. 
Diagnostic tests for GERD may be qualitative or 
quantitative, and they investigate different aspects 
of the disease. They are divided into the following 
categories: 


1. Radiologic contrast studies including the stan- 
dard barium esophagram, acid esophagram, or 
videofluoroscopic esophagram. 

2. Intubation procedures for manometry, pH 

probe measurements, and acid infusion tests. 

Endoscopy with or without esophageal biopsy. 

Gastroesophageal scintigraphy. 


> CO 


The standard barium esophagram under fluoro- 
scopic control is the most widely used initial test for 
GERD. When double contrast techniques are used, 
it is also capable of assessing mucosal changes 
associated with esophagitis. Esophageal motility 
disorders and the presence of hiatal hernia may also 
be detected. For GERD, however, it is a relatively 
poor test. Both low specificity, especially when pro- 
vocation maneuvers are used, and low sensitivity 
with a detection rate of 10% to 40 70?5?* have been 
noted. Efforts to enhance the detection rate via 
nonphysiologic provocation of GER, such as use of 
Valsalva's maneuver, abdominal binders, Trendel- 
enburg’s position, and acid barium esophageal sen- 
sitization, add additional variables that further re- 
duce the accuracy of the study. The test is subject to 


Detects mucosal changes amc hiatus her- 


High accuracy; most physelogic test; 
Detects neoplasms, mucosa. -hanges, ul- 


Quantitates reflux; noninvasive; less ex- 
posure to radiation; detects<:piration 


Disadvantages 
Exposure to radiation; high rate of false 
positives 
Poor availability; invasive; time-consum- 
ing 
Poor availability; invasive; expensive; 
time-consuming 
Invasive; time-consuming; findings cor- 
relate poorly with symptoms 


Not standardized; cannot detect lesions; 
limited evaluation period 


interco server variability, can only be reviewed if 
videos 1oroscopic techniques are used, and exposes 
the patient to a relatively high radiation dose. The 
barium swallow study often is used initially to ex- 
clude -ther gastroesophageal disorders such as car- 
сїпош= or diverticuli. However, since many pa- 
tients with GERD will have normal radiographic 
findim2s, the barium esophagram should never be 
used *» definitively rule out the presence of reflux. 


Simi arly, esophageal manometry is useful for the 
detec- on of motility disorders, but cannot docu- 
ment СЕК reliably when used alone. Lower esoph- 
ageal sohincter resting pressures may not correlate 
well = th transient periods of total relaxation. The 
test is uncomfortable and invasive, requiring naso- 
gastr intubation, and is not readily available ex- 
cept im research centers.?' 


The ssophageal acid perfusion test introduced by 
Bernstein and Baker?? in 1958 attempts to reproduce 
the sumptoms of GER. It does not measure GER but 
rathe- acid sensitization of esophageal mucosa, 
with = sensitivity of 79% and a specificity of 82 % .*° 
Symptom induction falls short of documenting ac- 
tual EER or esophagitis, and it generally only con- 
firms what is assumed already on the basis of the 
patiest’s history. The test is invasive, requiring in- 
tuba&-n, and its false-positive and false-negative 
rates за the range of 20% are unacceptable, espe- 
cially :? cardiac disease is part of the differential di- 
agnoz*. 


Ese-hagoscopy is useful in the assessment of 
esophazitis, esophageal webs, Barrett's epithelium, 
strict-ae formation, ulceration, and carcinoma. 
Howe-er, the endoscopic criteria for the diagnosis 
of esc-hagitis are not well defined and suffer fur- 
ther >m interobserver biases. Endoscopic results 
correlate poorly with symptoms and extent of 
GERD, with normal findings in up to one third of 
patieats with chronic reflux symptoms.*? When en- 
doscapy is combined with esophageal biopsy, the 
diagrwsis of esophagitis may be more accurate, but 
the hiscologic criteria for GERD are disputed.**”’ 
As with many of the tests noted above, esophagos- 
copy also requires special equipment and experi- 
ence, : invasive and uncomfortable for the patient, 
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and is not without complications. However, in some 
individuals with cricopharyngeal spasm, dilatation 
by open tube esophagoscopy may be therapeu- 
tic, 12:18 


Prolonged intraesophageal pH monitoring ap- 
pears to be the most accurate and reliable test for 
GER documentation, having a sensitivity of 88 % 
and a specificity of 98% .?* The recent addition of 
portable computerized data telemetry has per- 
mitted a more physiologic and less costly ambula- 
tory test environment.*' By use of this method, the 
frequency, duration, and cumulative effects of acid 
exposure, as well as acid clearance in the lower 
esophagus, may be measured. Intraesophageal pH 
studies provide only indirect documentation of re- 
flux episodes by relying on gastric acidity. Chemical 
factors other than gastric acid, such as pepsin, bile 
acids, and mucosal resistance, may play an impor- 
tant role in GERD. More problematic is that intra- 
esophageal pH studies are invasive, expensive, and 
(usually) available only in research facilities. The 
examination requires a considerable time commit- 
ment by the patient and skilled interpretation of the 
data,” 


Gastroesophageal scintigraphy was first in- 
troduced by Fisher et al* in 1976. Since that time 
numerous studies have confirmed the accuracy of 
this technique, which approaches that of pH moni- 
toring.*^* Dynamic radionuclide imaging is a sim- 
ple, noninvasive study that can be performed in 
most hospitals by use of standard scintigraphic 
methods. The amount and duration of GER may be 
quantitated with a lower radiation exposure than 
with the fluoroscopic esophagram.* In addition to 
GER, this nuclear study can evaluate esophageal 
motility disorders, gastric emptying, and upper 
esophageal reflux affecting the hypopharynx, 
larynx, and lower respiratory tract. Uninterrupted 
monitoring for as long as 1 or 2 hours as the patient 
lies supine results in potentially high rates of reflux 
detection under physiologic conditions. Various 
provocation maneuvers have also been used to en- 
hance diagnostic yields. Although GER can be de- 
tected accurately by scintigraphy, the intermittent 
nature of reflux episodes may limit its sensitivity. 
This fact, coupled with variations in scintigraphic 
methods, may explain differences in reported sen- 
sitivities. Since at the present time there is no widely 
accepted protocol, gastroesophageal scintigraphy 
suffers somewhat from lack of standardization. 


CONCLUSIONS 


A lower than expected yield of positive scinti- 
graphic scans for GER was fcund in the present 
study. This may be due in part to the method em- 
ployed. Specifically, our protocol for gastro- 
esophageal scintigraphy, in an attempt to be more 
physiologic, did not use provocation maneuvers 
such as Valsalva's maneuver, abdominal binders, or 


acidification of the radiopharmaceutical. This may 
have reduced the test sensitivity previously reported 
by others. 4-47 


Because GER is a dynamic process, occurring in- 
termittently throughout the day and night, only 
those patients with frequent reflux episodes can be 
identified by tests that employ a relatively short ob- 
servation period. The representative imaging peri- 
od for GER by use of scintigraphy is limited by gas- 
tric emptying times but is longer than that achieved 
with radiographic techniques. Ingestion of the ra- 
diopharmaceutical over a longer period, and with a 
greater volume, may allow a prolonged imaging 
duration and consequently improved sensitivity. In 
addition to diagnosing GERD, scintigraphy can 
evaluate esophageal and gastric motility. More im- 
portantly, it is able to detect esophagopharyngeal 
reflux or obvious laryngeal/pulmonary aspiration 
with a high degree of specificity. 


While the combination of various GERD studies 
can increase diagnostic reliability, this is imprac- 
tical and not cost-effective. Gastroesophageal scin- 
tigraphy is simple, noninvasive, and readily avail- 
able. However, further studies are required to de- 
termine both its precise role and the need for proce- 
dural modifications to increase diagnostic yields. 


Since scintigraphy is a noninvasive means of doc- 
umenting upper aerodigestive tract involvement in 
GERD, we plan to investigate it further as a screen- 
ing test for those patients who do not respond to an 
initial antireflux/antacid regimen. The diagnosis of 
GERD, however, must be one of exclusion. There- 
fore, scintigraphy should be used in conjunction 
with esophagography and endoscopy when the di- 
agnosis is uncertain or occult disease is suspected. 


Our current management for head and neck pa- 
tients who present with symptoms suggestive of 
GERD is as follows: 


l. Initial symptomatic treatment includes elevation 
of the head of the bed (15 to 20 cm), dietary 
modification (avoidance of fatty/fried or acidic 
foods, coffee, carminatives, carbonated bever- 
ages, overeating, and bedtime snacks), termina- 
tion or reduction of smoking and alcohol use, 
elimination of reflux-promoting medications, 
and liquid antacid therapy (Maalox, Mylanta, 
Gaviscon). 


2. For persistent or atypical symptoms beyond 3 


weeks, a complete medical evaluation is per- 
formed with the cooperation of a gastroenterolo- 
gist. Other diagnostic tests, including a barium 
esophagram and esophagoscopy, are used to de- 
termine the possibility of other diseases. 


3. For recalcitrant symptoms and negative endo- 


scopic results, scintigraphy is performed to con- 
firm the presence and extent of GER, esophageal 
dysmotility, aspiration, and upper aerodigestive 
tract involvement. More aggressive medical 
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management is then pursued, including use of 
H2-receptor antagonists (ranitidine or cimetidine), 
metcclopramide, or bethanechol. A small group of 


patier& may need referral for antireflux surgery 
becaus* of complications or failed medical manage- 
ment. 
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COCHLEAR MECHANICS AND OTOACOUSTIC EMISSIONS 


The Second International Symposium on Cochlear Mechanics and Otoacoustic Emissions will be held March 9-11, 1989, in Rome. 
For further information, contact Centro Ricerche e Studi (CRS) Amplifon, Via Ripamonti 129, I-20141 Milano, Italy. 
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IMAGING CASE STUDY OF THE MONTH 
POSTERIOR SUBGLOTTIC CYST 


ROBERT P. MILLER, MD 


CHICAGO, ILLINOIS 
STEVEN D. GRAY, MD 


Iowa CITY, IOWA 


CASE REPORT 


A 7-month-old girl was evaluated for progressive 
worsening of biphasic stridor. She had been born 6 
weeks prematurely and shortly after birth required 
intubation for approximately 1 week. She was dis- 
charged from the hospital 1 month later and had 
been well except for the stridor. No dysphagia had 
been noted and the infant was gaining weight nor- 
mally. There were no episodes of apnea or cyanosis 
noted by the parents. The cry was normal. Physical 
examination confirmed the biphasic stridor, which 
increased with agitation but was unaffected by po- 
sitional changes. No significant retractions were 
noted and there were no cutaneous vascular lesions. 


CHARLES M. MYER III, MD 
CINCINNATI, OHIO 
ROBIN T. COTTON, MD 


CINCINNATI, OHIO 


The remainder of the physical examination yielded 
norma! results. 


A lateral plain soft tissue radiograph of the neck 
(see Figure, A) revealed shortening of the ventricle 
shadow with an oval subglottic mass that indented 
the posterior airway. Above the glottis, the mass ex- 
tended upward to obliterate the right pyriform 
sinus. ^ smaller mass was seen several millimeters 
lower in the trachea. There was noted to be ob- 
structive expansion of the distal airway, including 
the hvpopharynx and vallecula. The frontal view 
(see Figure, B) demonstrated asymmetric narrow- 
ing of the subglottis as a result of the right-sided 
subglottic portion of the lesion. In addition, a sec- 





Radiographs of neck. A) Lateral view, showing 1-ст mass in posterio: subglottis (arrow and bracket) and smaller 
mass proximally (arrowhead). B) Anteroposterior view, showing asymmetric narrowing of subglottis with large 
subglottic mass on right side (arrow) and second mass proximally (amrowhead) on left side of trachea. 
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опа nodule was noted а few millimeters below the 
main mass on the left side. Given the age of the 
child, the history, and the characteristic radio- 
graphic appearance of the mass, the lesion was felt 
to be most consistent with a subglottic hemangi- 
oma. 


А microscopic laryngoscopy and bronchoscopy 
confirmed a cystic mass below the posterior one 
third of the right true vocal cord. A smaller cyst was 
noted several millimeters below in the left subglot- 
tic region. Together, the masses obstructed approxi- 
mately 60% of the subglottic airway. Suspension 
laryngoscopy was used to marsupialize the cysts and 
to cauterize their bases. Repeat endoscopy 10 days 
after the original procedure demonstrated no evi- 
dence of recurrent disease. 


DISCUSSION 


While subglottic hemangiomas can occur any- 
where in the subglottic region or upper trachea, the 
most common location is the posterior and lateral 
subglottis. This is demonstrated classically on a lat- 
eral neck radiograph by a smooth, circular mass in 
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the posterior subglottis.' Subglottic cysts may occur 
also in the posterior larynx, particularly in the re- 
gion below the vocal processes of the arytenoids. 
They are found almost exclusively in neonates who 
have been intubated. The clinical significance of 
the cyst will depend on its size, its growth charac- 
teristics, and the degree of luminal obstruction. 


Treatment may include modalities such as cup 
forceps removal or the carbon dioxide laser. Elec- 
trocautery of the exposed portion of the lesion is also 
an effective alternative. Follow-up endoscopy sev- 
eral weeks after the original therapy is recom- 
mended to rule out recurrence. 


Though a subglottic hemangioma is the most 
common lesion that presents with an asymmetric 
narrowing of the subglottis, other conditions must 
be considered in the differential diagnosis. Besides a 
subglottic cyst, other entities that may result in this 
radiographic picture include respiratory papil- 
lomas, subglottic stenosis, and hamartomas, as well 
as other less common benign and malignant neo- 
plasms.? 
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THE SIXTH WORLD CONGRESS FOR BRONCHOLOGY 


The Sixth World Congress for Bronchology will be held October 18-20, 1989, in Tokyo, and October 20-22, 1989, in Kyoto, Japan. 
For further information, contact Dr Masayuki Niitsuma, Secretary General, 6th World Congress for Bronchology, Department of Surgery, 
Tokyo Medical College, 6-7-1 Nishishinjuku, Shinjuku-ku, Tokyo 160, Japan; telephone 03-342-6111. 
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PATHOLOGY CONSULTATION 
RELAPSING POLYCHONDRITIS 


JOHN С. BATSAKIS, MD 


JOHN T. MANNING, MD 


HOUSTON, TEXAS 


Inflammatory destruction of cartilages, presumably on an autoimmune basis, ^haracterizes relapsing polychondritis, a disease of vary- 
ing severity and outcome. The otolaryngologist-head and neck surgeon is oftenstte first physician contact, because the preponderance of 
signs and symptoms are in the head and neck, ie, auricular and nasal chondritis, cular and auditory manifestations, and laryngotracheo- 


bronchial involvement. 


Relapsing polychondritis is a rheumatic disease 
characterized by an episodic and often progressive 
inflammation of the cartilages of the body, most 
often of the ears, nose, costochondral junctions, 
joints, and airway. The disorder may be in com- 
pany with a diverse systemic involvement that in- 
cludes the eyes and the inner ears. Approximately 
25% of the patients have a coexistent or preceding 
autoimmune disease.' The average age at onset is in 
the middle of the fifth decade of life, but the disease 
also afflicts young children and the elderly. There is 
no racial, familial, or sexual predilection.^^ 


The frequency of involvement of various tissues 
(see Table?) has given rise to the formulation of 
diagnostic criteria that are based largely on the 
clinical findings in the head and neck, ie, auricular 
anc nasal chondritis, ocular inflammation, coch- 
lear and/or vestibular damage, chondritis of the re- 
spiratory tract, and nonerosive polyarthritis.* A 
diagnosis of relapsing polychondritis usually can be 
made with confidence in a patient with the follow- 
ing: 1) clinical evidence of a recurrent inflamma- 
tion of at least three cartilaginous structures, 2) 
ocular involvement, and 3) a tissue biopsy specimen 
manifesting a focal inflammatory destruction of 
cartilage. The fact that polychondritis can involve 
all forms of cartilage (fibrocartilage and elastic and 
hyaline cartilages) distinguishes it from the polyar- 
thritis of rheumatoid arthritis.^? 


The auricular chondritis presents as a sudden, 
painful, and erythematous swelling that tends to be 
episodic and is always bilateral. Depending on the 
severity and recurrence, patients may escape with- 
out clinical residual or with a mild nodularity. In 
pronounced cases, there is a diffuse softening and 
collapse cf the cartilage framework of the ears, in- 
cluding the external auditory canal. Involvement of 
the nasal cartilages is also clinically sudden and 
painful, but less likely to be recurrent. The only 
significant cosmetic deformity is a saddle nose. Of a 
more serieus nature is involvement of the airway.* 


From the University of Texas M. D. Anderson Cancer Center, Houston. 
REPRINTS — John С. Batsakis, MD, Division of Pathology, University of Texas M. D. Anderson Cancer Center, 1515 Holcombe Blvd, Houston, TX 77030. 
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Early s:gns and symptoms result from a composite 
of chon ritis and edema with inflammation of adja- 
cent saft tissues. Compromise of the airway follows, 
with stenosis and obstruction at the glottic and 
subglet-ic levels. End stage disease entails dissolu- 
tion o£ any or all of the tracheal and bronchial car- 
tilages, obstructive pulmonary disease, and infec- 
tion. 


The zlinical course is quite variable.^^ The dis- 
ease may be relatively indolent, be rapidly fatal, or 
evolve .nto a chronic, progressive disorder. Michet 
et al^ have studied the natural history of relapsing 
polychondritis in 122 patients. About half of the 
deaths are related to the disease process, treatment 
of the disease, or to an underlying and related con- 
nective tissue disorder. Infection is the most com- 
mon cause of death, and the infection is related 
statistically to both involvement of the airway and 
corticosteroid medications. Death from cardiovas- 
cular Сіѕеаѕе, particularly systemic vasculitis, fol- 
lows infection-related mortality in incidence. 

The pathogenesis of relapsing polychondritis is 
unclear. Microscopic findings of involved cartilage 
are a 1655 of the usual metachromasia, necrosis, cal- 
cification, and acute and chronic inflammatory re- 
actions The destruction of the cartilage may be re- 


PRESENTING AND EVENTUAL TISSUE INVOLVEMENT 
IN PATIENTS WITH RELAPSING POLYCHONDRITIS 
ШЕЕ АЕБ 


At Eventual 
Presentation Involvement 

Tissue/System (% Pts) (% Pts) 
External ears (auricular 

chordritis) 26 87 
Joints (aenerosive polyarthritis) 23 81 
Ocular 14 65 
Respiratcry tract (laryngeal, 

tracheal, bronchial chondritis) 14 56 
Nasal eartilages (chondritis) 13 72 
Inner ea:s (cochlear-vestibular 

damage) 6 46 
Other 4 — 

Cardic vascular — 24 

Cutan2ous -- 16 


Prepared from data presented by McAdam et al.’ 
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lated to proteases released from leukocytes or peri- 
chondral fibroblasts. A possible role of immune 
complexes is suggested by the immunofluorescent 
findings of granular deposits of immunoglobulins 
С, А, M, and C3 at fibrochondral junctions.‘ In the 
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occasional case in which the temporal bones have 
been studied, the findings are similar to those ob- 
served in viral endolabyrinthitis, with a preferential 
degeneration of sensory epithelium, primarily of 
the cochlea. 


REFERENCES 


l. Damiani JM. Relapsing polychondritis — report of ten 
cases. Laryngoscope 1979;89:929-46. 


2. McAdam LP, O'Hanlan MA, Bluestone R, Pearson CM. 
Relapsing polychondritis: prospective study of 23 patients and a 
review of the literature. Medicine (Baltimore) 1976;55:193-215. 


3. McCaffrey TV, McDonald TJ, McCaffrey LA. Head and 
neck manifestations of relapsing polychondritis: review of 29 
cases. Can J Otolaryngol 1978;86:473-8. 


4. Michet CJ, McKenna CH, Luthra HS, O'Fallon M. Re- 


t 


lapsing polychondritis: survival and predictive role of early 
disease manifestations. Ann Intern Med 1986;104:74-8. 


5. Valenzeula R, Cooperrider PA, Gogate P, Deodhar SD, 
Bergfeld WF. Relapsing polychondritis. Immunomicroscopic 
findings in cartilage of ear biopsy specimens. Hum Pathol 1980; 
11:19-22. 


6. Hoshino T. Temporal bone findings in a case of sudden 
deafness in relapsing polychondritis. Acta Otolaryngol (Stockh) 
1980;90:257-61. 


ADVANCES IN SKIN CANCER MANAGEMENT: A MULTISPECIALTY APPROACH 


A course entitled Advances in Skin Cancer Management: A Multispecialty Approach will be held February 17-18, 1989, at the 
Ramada Renaissance Hotel in San Francisco. For further information, contact Extended Programs in Medical Education, University of 


California, Room U-569, San Francisco, CA 94143-0742; telephone ( 


415) 476-4251. 


LETTERS TO THE EDITOR 


To tbe Editor: 


We wish to bring to your attention two cases of thyroid ma- 
lignancy we encountered recently in which the primary diagnosis 
was done by evaluation of a preoperative computed tomographic 
scan. The role of CT scan in evaluation of thyroid disease is docu- 
mented,'? but usually it is an additional and complementary 
method. Both our patients were women, 70 and 56 years of age, 
who presented with a solitary lateral neck mass. Although thyroid 
maliznancy was suspected, no thyroid mass was palpable in either 
patient on repeated examinations. The results of thyroid function 
tests and *"Tc radionuclide studies were normal. Computed 
tomczraphic scans demonstrated thyroid gland tumors in both 
patients. Surgery confirmed these findings with papillary car- 
cinoma (0.5 cm) in one patient and foci of a follicular type of pap- 
illary carcinoma (1 x 1 x 1.2 cm and 1.5 cm diameter) in both thy- 
roid lobes in the other. Computed tomography has been reported 
to detect 59% of unpalpable thyroid lesions, although ultra- 
sonography detected 88% of such tumors. Computed tomogra- 
phy also has identified lesions under 0.5 cm in diameter.' The im- 
portance of CT in evaluating the extent of thyroid malignancy has 
been demonstrated, and good correlation with radionuclide 
studies in such cases was reported.? In our cases, however, no 
thyrcid tumor was palpable, "Тс studies were normal, and 
preoperative diagnosis was practically established by CT scan. 
This 2xperience shows the value of CT scanning as a diagnostic 
tool m the evaluation of patients with suspected thyroid malig- 
nancy even when radionuclide studies are normal. 
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Dan Yaffe, MD; Yoav P. Talmi, MD; 

Yehuda Finkelstein, MD; Yuval Zohar, MD; 
Jacob Bar-Ziv, MD 

Departments of Radiology and Otolaryngology 
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Petah-Tiqva, Israel 


To tbe Editor: 


In the practice of facial plastic surgery, skin incision markings 
sometimes may be cumbersome to make with a cut stick dipped in 
gentian violet stain, or may be uncomfortable for the patient, just 
as when the commercially available marking pens are used. In the 
Philippines, the commercially available disposable pens are 
unheard of or are impractical to use because of their cost. There- 
fore, -his syringe pen was created to provide a simple marking pen 
with the precision and ease of a technical pen at a very cheap 
price 


Basical y, a disposable 5-mL syringe with a G23 needle was ob- 
tained. Tae tip of the needle was cut to a desirable length (about 1 
ст) and was smoothened. Then, using the stylet of a G23 spinal 
needle, tt e top was cut off and the sides were trimmed as shown 
in Fig 1. The stylet was cut about 0.05 to 1 mm longer than the 
needle wh the stylet pushed all the way inside. The disposable 
syringe was reattached with the needle and stylet inside. 
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Fig 1. 4) G23 spinal needle stylet with top removed and trimmed. 
B) GZ- disposable needle with stylet cut and smoothened. 


Taking note of the distance from the tip of the syringe to the 
stylet, the tip of the plastic syringe was trimmed to provide move- 
ment of пе stylet back and forth inside the needle (Fig 2). The 
stylet shoald move smoothly within the needle shaft. The syringe 


was then gas-sterilized. 
—- | d gene ' 
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Fig 2. A) Disposable syringe tip measured and cut. B) Smooth 
mover ent of stylet back and forth noted. 


To use, aspirate gentian violet stain (about 1 to 2 mL) and air 
(about tw.ce the volume of the stain), and push the plunger up- 
ward slowly until some bubbles are noted coming from the nee- 
dle. These can be wiped off with gauze, and the pen is ready for 
use. Sometimes blotting may occur, which is indicative of too 
much pressure inside the syringe. In such cases, it may be cor- 
rected by pulling the plunger back a little. Shaking will help the 
fluid flow downward. 


A little practice and patience will offer familiarity with this 
new devices. It writes as smoothly on skin and mucosa as on paper. 


Pio R. Pajarillo, MD 
ENT Dept 

UP-PGH Medical Center 
Taft Ave 

Manila, Philippines 


BOOK REVIEWS 


Otolcgic Radiology With Clinical Correlations 


Ramon Ruenes and Antonio De La Cruz. Hard cover, il- 
luscrated, indexed, 183 pages, 1986. Macmillan Publishing Co, 
New York. 


The authors present a definitive text on the current state of ra- 
diography of the ear. Utilizing mainly conventional radiography 
and polytomography, along with histopathologic temporal bone 
slides when relevant, this book serves as a very good radiological 
atlas and reference. Its accompanying concise and well-written 
text makes it an excellent book for use in clinical otology, and pro- 
vides practical guidelines for the practitioner who has conven- 
tional x-ray equipment in his or her office. 


85 


The authors actually do not endorse one mode of imaging over 
another. Magnetic resonance imaging is treated heavily in the 
chapter or. the posterior fossa. Since we have not requested or re- 
viewed a-polytomogram in 5 years and prefer using computerized 
tomography, we thought that polytomography received too much 
attention. Is polytomography congruous with better quality (over 
CT scan) magery for diagnosing cochlear otosclerosis, inner ear 
defects (such as dysplasias), or temporal bone fractures? 


The tex provides material on x-ray techniques and the imaging 
of congenital malformations, chronic ear disease, otosclerosis, 
trauma, the facial nerve, and temporal bone and angle tumors. 
Most of the radiographs used are printed twice, with superim- 
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posed outlines of important landmarks on one photograph. The 
discussion of otologic tumors is brief, but accompanied by excel- 
lent subtraction venography and MRI scans. Since most of the in- 
formation is conveyed through radiographs and their legends 
rather than text, this book could be considered an x-ray atlas. 
Nevertheless, each chapter does present informative reading and 
concludes with suggested additional reading references, but with- 
out a bibliography. 


If the book has a drawback, it is that it is too brief. While it is 
the authors' stated intention to produce a practical guide that will 
be useful in a clinical setting, an expanded version, especially 
with more of the superb radiographs, would make this an all- 
inclusive study. Furthermore, a study comparing the efficacy of 
polytomography and CT scan would be informative. It is easy to 
recommend this book for all beginning otolaryngologists and radi- 
ologists. Certainly, a training program without this text for refer- 
ence is incomplete. Experienced physicians may find it superfi- 
cial, but it was the intent of the authors to opt for comprehensive- 
ness and breadth over corpulence. 


S. K. COPELAND, MD 
DENNIS G. PAPPAS, MD 
Birmingham, Alabama 


Oto Immunology 


Jan E. Veldman and Brian F. McCabe, eds. Hard cover, illus- 
trated, indexed, 196 pages, 1987. Kugler Publications, Amster- 
dam. 


In the past decade, considerable advances have been made in 
our understanding of the autoimmune system and immunodefici- 
ency disorders. 


This text covers a wealth of information concerning immunolo- 
gy in general as well as its impact on otologic diseases. The book is 
beautifully illustrated with drawings and color photomicrographs 
that complement the text. The 20 chapters are organized into 
three divisions: basic science, tympanic membrane and middle 
ear, and inner ear. The basic science section, which typically is 
absent in most journal articles and is sparsely covered in too many 
textbooks, presents the intricate complexities of the immune 
system in an easy-to-read style that can be comprehended easily 
regardless of the reader's background. 


The tympanic membrane/middle ear section discusses the im- 
mune response of these structures and how this pertains to otitis 
media and cholesteatoma. Additional chapters on transplantation 
in otology and the use of specific alloplastic materials in recon- 
structive otologic surgery discuss the current opinions on their use, 
indications, limitations, and postoperative results. Well-docu- 
mented studies on subsequent tissue reactions to these materials 
are included and are supported with photomicrographs. 


The section covering inner ear immunology includes chapters 
by leaders in the field of autoimmune hearing loss. Important and 
current clinical information is provided to the practitioner. The 
mechanism of antoimmune hearing loss is discussed, together 
with suggestions for further research. 


This is a comprehensive text that appears to have garnered all 
currently available information regarding immune disorders of 
the ear. It compiles the information essential to the understanding 
of this complex system and the increasingly important concepts of 
this field. It should be in the libraries of otolaryngologists and 
research otoimmunologists. 


TERRENCE S. SCHNEIDERMAN, MD 
Birmingham, Alabama 


Rhinoplasty: Emphasizing the External Approach 


Jack R. Anderson and W. Russell Ries. Volume 3 in American 
Academy of Facial Plastic & Reconstructive Surgery Mono- 
graph Series. James D. Smith, ed. Hard cover, illustrated, in- 
dexed, 177 pages, 1986. Thieme, Inc, New York, $55. 


Drs Anderson and Ries have written a book that allows the 
reader to benefit from their years of experience in dealing with 


cosmetic surgery patients. The rhinoplasty procedure used by the 
authors is described precisely and skillfully using appropriate vis- 
ual aids. A variety of methods for handling difficult problems are 
addressed so that both the skilled rhinoplastic surgeon and the sur- 
geon with less experience are afforded choices that can be incor- 
porated into the surgical armamentarium. 


Drs Anderson and Ries rely upon the external approach to rhi- 
noplasty. This is their choice for accurate diagnosis of existing 
pathologic conditions within the nose, as well as for precise surgi- 
cal correction. The material is organized and presented as if a sur- 
geon is progressing from the initial consultation to the finished 
product. It is packed with practical information and, although 
well referenced, does not contain an overabundance of esoteric 
discussion. 


The last chapter, dealing with the evaluation and treatment of 
a number of difficult cases, is especially unique in its presentation. 
The authors have explained how and why each case contributes to 
a review of the scope of nasal plastic surgery. It is a refreshing 
change from simply showing a number of before and after cases, 
leaving the reader to decide what may have been done in each 
case. The book definitely should be included in every facial plastic 
surgeon's library. 


E. GAYLON MCCOLLOUGH, MD 
Birmingham, Alabama 


Diseases of the Ear: Clinical and Pathologic Aspects 


Michael Hawke and Anthomy F. Jahn. Hard cover, illustrated, 
indexed, 309 pages, 1987. Lea & Febiger, Philadelphia, $120. 


This atlas-form book offers a fascinating panorama of ear dis- 
eases in photographs that are skillfully composed for a learning ex- 
perience. In many instances, the photographs are so expressive 
that the written accompaniment seems overly explicit and adds 
little to their significant contribution to this superbly designed 
book. The air-lens optical system that was used to generate these 
photographic histories may have a great impact on publishing. 


The authors have sorted the topic by subject matter into five 
sections. The first provides only sketchy details of the outer ear 
and its embryology, which is followed by the normal histology 
and anatomy of the pinna and its pathology as revealed by the 
microscope. This portion addresses the extremes, from simple le- 
sions to the more serious ones, with excellent perspective. The next 
section is a useful demonstration of lesions of the external auditory 
canal, although the various states of cerumen accumulation could 
have been eliminated. The third section (the middle ear) is ex- 
cellent in capturing stages of otitis media, as well as other condi- 
tions of the middle ear. Unlike most texts covering this subject, the 
section on pathophysiology of various middle ear conditions is 
presented with such clarity that the reader immediately gets a 
"feel" for the different pathologies involved. Regrettably, how- 
ever, no attention is given to the current theories regarding the 
role of immunity in serous otitis media. The section on the otic 
capsule, which follows, provides concise information on micro- 
fractures (but not fistulas), otosclerosis, osteogenesis imperfecta, 
Paget's disease, and osteopetrosis. An up-to-date discourse on 
noise deafness, with details that include the role of metabolic ac- 
tivity, introduces the last section, on the inner ear. Presbycusis, 
labyrinthitis, cranial complications, sudden deafness, Meniere's 
disease, and acoustic neuroma are then considered in brief presen- 
tations. In general, the authors reveal a thorough and perceptive 
knowledge of the pathophysiology of the ear and its related struc- 
tures in this aesthetically pleasing volume. 


Even though this book is somewhat lacking in bibliographic 
references, it is overall a luxurious bargain, and lends support to 
the maxim that "a picture is worth a thousand words." The nov- 
ice practitioner and resident will surely learn from studying the 
remarkable photographs, if only scanning the text. For the sea- 
soned otolaryngologist, especially one who appreciates the art of 
photography, it should provide hours of perusal pleasure. 


DENNIS G. PAPPAS, MD 
Birmingham, Alabama 


POSITION AVAILABLE 
IMMEDIATELY 


NEUROPHYSIOLOGIST 


The major responsibility of this position as an 
Assistant Professor in Residence is to conduct 
neurophysiologic and neuroanatomic research 
on the vestibular system, particularly on the 
mammalian vestibular nerve. Experience in 
intracellular techniques is required. Supervis- 
ory interaction takes place with students and 
residents, including tutorial and formal lec- 
tures on auditory and vestibular sensory physi- 


The University of Michigan 
Department of Otolaryngology 


TEMPORAL BONE SURGICAL 
DISSECTION COURSES 


Intensive 5-day courses emphasize surgical and anatomical 
apprcaches to the temporal bone in a manner relevant for 
the osebogic surgeon, utilizing lectures, videotapes, and 
temperzl bone microdissection. All dissection equipment 
and luncheon provided. 


DIRECTOR: 
JOHN KEMINK, MD 


FACULTY: 


STEVEN TELIAN, MD 
JOHN NIPARKO, MD 
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Paul Lambert, MD 
John McElveen Jr, MD 
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50 Hours CME Credit 
FEE: $1000; Residents $750 
For further information, contact: 
THE TEMPORAL BONE LAB 
1301 East Ann Street 
Ann Arbor, MI 48109-0506 
(313) 764-6106 or 936-8006 


Vicente Honrubia, MD 
Division of Head and Neck Surgery 
UCLA School of Medicine 
Los Angeles, CA 90024 
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No. 133 Studies in Otitis Media. Pittsburgh Otitis Media Research Center Progress Report — 1988. 
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MD; J. B. Nadol, Jr, MD. Medical or Surgical Comofcations Related to the Nucleus Multichan- 
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ford, MD; W. F. House, MD; J. V. D. Hough, MD; L. L. Tonokawa, MS; K. I. Berliner, 
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Electromagnetic Implantable Middle Ear Hearing Device of the Ossicular-Stimulating Type: 
Principles, Designs, and Experiments. A. J. Maniglia, MD; W. Н. Ko, PhD; В. X. Zhang, EE; 
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FOREWORD 


This is a complete report of project NO1 NS 02328 entitled “Effectiveness of Adenoidectomy and Tym- 
panostomy Tubes in the Treatment of Chronic Otitis Media With Effusion." This project, done under con- 
tract from the National Institutes of Health/National Institute of Neurological and Communicative Disorders 
and Stroke, consisted of a prospective randomized clinical trial to study the relative efficacy of adenoidec- 
tomy and tympanostomy tubes in the treatment of chronic secretory otitis media. 


More information is presented than is needed to understand the primary conclusions of the project; the 
extra detail is provided for workers in the field who might wish to examine closely those aspects of the project 
that could not be included in prior reports because of page constraints. 


Multiple analyses are presented to add additional perspectives on the scope and results of this study. 


CHRONIC SECRETORY OTITIS MEDIA: EFFECTS OF 
SURGICAL MANAGEMENT 


GEORGE А. GATES, MD 
CHRISTINE А. AVERY, VD 
J. С. COOPER, JR, PHD 
THOMAS J. PRIHODA, PHD 


Publication of this report was sponsored by 
the National Institute of Neurological and Communicative Disorders and Stroke 
and by the Xomed Corporation. 


* 


CHRONIC SECRETORY OTITIS MEDIA: EFFECTS OF 
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To study the effectiveness of adenoidectomy and tympanostomy tubes in the treatment of chronic otitis media with effusion, we ran- 
domly assigned 578 4- to 8-year-old children to receive one of the following: bilateral myringotomy and no additional treatment (group 1), 
tympanostomy tubes (group 2), adenoidectomy and myringotomy (group 3), or adenoidectomy and tympanostomy tubes (group 4). The 
491 who accepted surgical treatment were evaluated at 6-week intervals for up to 2 years. Treatment effect was assessed by four main out- 
comes: time with effusion, time with hearing loss, time to first recurrence of effusion, and number of surgical re-treatments. For the groups 
(in order), the mean percent of time with any effusion in either ear was 49, 35, 30, 26 (p « .0001); the mean percent of time with hearing 
thresholds 20 dB or greater was 19, 10, 8, and 7 (p< .0001) in the better ear; and 38, 30, 22 and 22 in the worse ear (p< .0001); the median 


number of days to first recurrence was 54, 222, 92, and 240 (p< .0001) 
(p« .0001). The most notable adverse sequela, purulent otorrhea, o 
] through 4, respectively (p « .001). In severely affected children w 
adenoidectomy is an effective treatment. Adenoidectomy plus bilater 


; and the number of surgical re-treatments was 66, 36, 17, and 17 
ccurred in 22% , 29% , 11%, and 24% of the patients assigned to groups 
ho have chronic otitis media with effusion resistant to medical therapy, 
al myringotomy lowered posttreatment morbidity more than tym- 


panostomy tubes alone and to the same degree as did adenoidectomy and tympanostomy tubes. Adenoidectomy appears to modify the 
underlying pathophysiology of chronic otitis media with effusion. This effect is independent of the preoperative size of the adenoid. Tym- 
panostomy tube drainage and ventilation of the middle ear provide adequate palliation so long as the tubes remain in place and function- 
ing. We recommend that adenoidectomy be considered in the initial surgical management of 4- to 8-year-old children with hearing loss due 
to chronic secretory otitis media that is refractory to medical management and, further, that the size of the adenoid not be used as a criter- 
ion for adenoidectomy. Concomitant bilateral myringotomy with suction aspiration of the middle ear contents also should be done, with or 
without placement of tympanostomy tubes at the discretion of the surgeon. 


KEY WORDS — adenoidectomy, chronic secretory otitis media, randomized clinical trial, tympanostomy tubes. 


INTRODUCTION 


In children, chronic effusion in the middle ear is 
the most common cause of hearing loss and the most 
frequent indication for an operative procedure. 
Principally a sequela of acute middle ear infection,’ 
chronic otitis media with effusion often fails to re- 
spond even to repeated courses of antimicrobial 
therapy. Although the prevalence of otitis media 
decreases with age," parents often elect surgical 
treatment for prompt remediation of the hearing 
loss and avoidance of long-term sequelae. The indi- 
cations for surgical therapy are not uniform; 
neither are the types and numbers of procedures 
done. Worldwide, myringotomy, adenoidectomy, 
tympanostomy tubes, and even tonsillectomy have 
been used. Given the disagreement regarding the 
efficacy of the two main surgical treatments—tym- 
panostomy tubes and adenoidectomy— and the high 
cost associated with the medical and surgical treat- 
ment of otitis media—at least $1 billion annually in 
the United States— further study of treatment ef- 
fectiveness is warranted. 


The diagnosis of chronic otitis media with ef- 
fusion generally is established by the presence of a 


persisting middle ear effusion; implicit in this term 
is effusion of any type and an intact tympanic mem- 
brane without other signs of inflammation such as 
redness or bulging. Equivalent terms are chronic 
secretory otitis media, chronic middle ear effusion, 
and "glue ear." Although chronic has been defined 
to mean 3 months or more,* in clinical practice the 
actual duration of effusion is not known with cer- 
tainty and clinicians rely upon the presence of effu- 
sion and the absence of other inflammatory signs or 
symptoms as indicators of the diagnosis. 


The effusion is produced by the middle ear mu- 
cosa in response to a variety of bacteria and possibly 
other agents. Hypertrophy of the middle ear mu- 
cosa and an increase in the number of goblet cells 
are consistent findings.* The effusion may vary appre- 
ciably in its physical properties, chemical composi- 
tion, and microbial content among patients and even 
in the same patient at different times. The effusion 
usually results in a moderate conductive hearing 
loss, with air conduction thresholds averaging 27.5 
dB hearing level (HL).5 Other changes associated 
with chronic otitis media include atelectasis of the 
middle ear, cholesteatoma, and tympanosclerosis. 
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Over months to years the effusion usually clears 
and the middle ear mucosa normalizes, presumably 
because of growth of the skull base and eustachian 
tube and maturation of the immune system. How- 
ever, in the interim, the adverse effects of chronic 
otitis media with effusion on hearing and the de- 
velopment of cognitive, linguistic, auditory, and 
communicative skills are of concern. Although the 
extent of these effects undoubtedly varies, and their 
importance remains a matter of sharp disagreement 
among experts, it appears that in families in which 
achievement is an important goal, chronic middle 
ear effusion may be retardative.’ 


Tympanostomy tubes were introduced in 1954" 
and became a popular treatment option because of 
their ease of use and the prompt improvement in 
hearing after insertion. So logical was their ra- 
tionale— prolonged drainage and ventilation of the 
tympanum that wide use occurred before their ef- 
ficacy was validated. Early studies provided con- 
flicting results. Leek,’ Lildholdt,'? and Shah” per- 
formed an adenoidectomy and placed a tympanos- 
tomy tube in one ear and did a myringotomy""' or 
nothing”? in the other. Leek’ and Lildholdt'? found 
no significant long-term difference between the two 
ears, whereas Shah"! did. Kilby et al, following 
the same protocol for draining the middle ear but 
omitting adenoidectomy, found better hearing in 
the ear with the tube in place but no significant dif- 
ference at 2 years. More recently, Mandel et al^? 
compared tympanostomy tube treatment with my- 
ringotomy and found significant differences in 
favor of tubes. In the past decade, concern has 
arisen about possible overuse of tubes. 


The adenoid has lcng been recognized as an im- 
portant factor in the pathogenesis of otitis media," 
but its pathophysiolozic relationships to the middle 
ear remain incompletely defined. Of the many 
putative mechanisms explaining adenoidal involve- 
ment in middle ear infection, three are compelling: 
1) obstruction of the eustachian tube, both mechan- 
ical and functional; 2) obstruction of the nasal air- 
way, leading to eustachian tube reflux; and 3) 
maintenance of a reservoir for pathogenic bacteria. 
Whether these are consequences solely of inflamma- 
tory hypertrophy of the adenoid or whether the 
“normal” adenoid may be involved as well is not 
clear. 


Because eustachian tube dysfunction is ubi- 
quitous in patients with otitis media, the proximity 
of the adenoid to the mouth of the eustachian tube 
has led most observers to presume a cause-and- 
effect relationship. To clarify knowledge about the 
relationship, each aspect of eustachian tube func- 
tion—ventilatory, protective, and clearance— 
should be discussed separately. 


Underventilation of the middle ear is a nearly 
universal concomitant of chronic otitis media with 
effusion. Although :t has been attributed classically 


to “blockage,” it is now known that pure mechan- 
ical obst-uction of the tube is less common than 
functional obstruction. Bluestone et al'^ identified 
32 children (of 44 with chronic otitis media with ef- 
fusion) in whom radiopaque dye from the naso- 
pharynx did not pass retrograde into the eustachian 
tube during swallowing; but it did, in 18 of the 32, 
during the Toynbee maneuver; no passage occurred 
in the remaining 14. The obstruction thus was clas- 
sified as functional in the first group and mechan- 
ical in tne latter 14. Four of the 14 also were ob- 
structed to antegrade passage of dye from the mid- 
dle ear into the nasopharynx. Thus, there are 
several degrees of eustachian tube obstruction in pa- 
tients with chronic otitis media with effusion. The 
classic ex vacuo theory points to eustachian tube 
obstruction generally as the underlying cause of 
otitis media; yet the possibility that the obstruction 
may be the result rather than the cause of the in- 
fection has not been excluded. 


Infrequently discussed is the role of eustachian 
tube reflux in the pathogenesis of otitis media. Dur- 
ing swellowing, nasopharyngeal pressures rise and 
materiel in the nasopharynx may be injected іп a 
retrograde manner through the eustachian tube in- 
to the middle ear. A large adenoid may obstruct the 
posterior choanae and contribute directly to in- 
creasec nasopharyngeal pressure during swallowing 
and thus, indirectly, to reflux. Documentation of 
the role of reflux is difficult and the clinical signi- 
ficance of this process needs further study. How- 
ever, children with patulou’ eustachian tubes, in 
whom free flow of radiographic material into the 
middle ear occurs, have been shown" to be at risk 
for continued infection. 


Henderson et al' documented the chronologic 
association of acute otitis media to antecedent viral 
upper respiratory tract infection and pointed to 
nasal nfection as the initial event in the pathogene- 
sis of acute otitis media. It is well known that the 
bacterial flora of the nose and nasopharynx change 
subsequent to viral infection and that pathogenic 
bacte-ia appear. Pillsbury et al" demonstrated high 
bacte-ial colony counts (> 105) in 20 of 24 adenoids 
(83%) removed from children with recurrent acute 
otitis media with effusion, versus four of 24 (15%) 
from children undergoing adenoidectomy for other 
reaseas; these data suggest that the adenoidal bac- 
terial reservoir may be the link in the spread of the 
infec-ion from the nose to the middle ear. Teele et 
al' stowed that persistent effusion is a frequent se- 
quel -o acute infection in the middle ear cleft. Thus, 
there is evidence to support the theory that upper 
respiratory tract infection and acute otitis media 
with effusion are antecedents of chronic otitis 
med:a with effusion and that the adenoid plays an 
impertant part in that process. 


Legically, removal of the adenoid should affect 
all £&aree mechanisms; ie, reduce the nasopharyn- 
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geal bacterial reservoir, lessen reflux due to nasal 
obstruction, and possibly relieve eustachian tube 
obstruction. Adenoidectomy was once the mainstay 
of treatment for secretory otitis media. However, it 
gradually has been used less frequently. Possible 
reasons are that it is a technically more difficult 
procedure, that it carries a risk of hemorrhage, and 
that the mechanism of its effect on the middle ear, 
which is indirect, is not well understood. The effi- 
cacy of adenoidectomy has been disputed by Royd- 
house'* and Fiellau-Nickolajsen et al'? and Wide- 
mar et al,” but upheld by Meunker,?' Maw,” and 
Paradise et al.” 


Bluestone et al^ noted improved ventilatory 
function of the eustachian tube postadenoidectomy 
in children with mechanical obstruction of the tube 
due to a large adenoid, but observed increased 
tubal compliance in those with functional obstruc- 
tion of the tube. They cautioned against removal of 
tissue in the fossae of Rosenmüller in those with 
functional obstruction. 


In 1980 we began a prospective randomized clini- 
cal trial to investigate the effectiveness of adenoid- 
ectomy and tympanostomy tubes in the manage- 
ment of patients with chronic otitis media with ef- 
fusion. Four groups were used: a surgical reference 
group that received bilateral myringotomy, and 
three treatment groups that received (in order of 
complexity) tympanostomy tubes, adenoidectomy 
and myringotomy, and the combination of adenoid- 
ectomy and tympanostomy tubes. This report 
describes the outcomes of the patients entered into 
that trial during a follow-up period of up to 2 years. 


The research protocol was approved by the Insti- 
tutional Review Board of the University of Texas 
Health Science Center at San Antonio. The out- 
come results were reviewed biannually by an ad hoc 
Safety and Data Monitoring Board to assure that 
patients were not at undue risk. 


METHODS 
TERMINOLOGY 


Chronic effusion indicates a middle ear effusion 
without pain, redness, or bulging of the tympanic 
membrane regardless of duration; acute effusion 
implies an effusion with any of the above signs of in- 
flammation; and otorrhea is purulent discharge 
from the middle ear through a tube or perforation. 


RECRUITMENT AND EVALUATION 


Children 4 through 8 years of age in whom 
chronic effusion was suspected were screened by 
otoscopy and tympanometry at the University of 
Texas Otitis Media Study Center located at the San- 
ta Rosa Children's Hospital in San Antonio. Refer- 
rals to the center came from area physicians, school 
screening programs, and televised public service an- 
nouncements. Children with a history of prior ton- 


sil or adenoid operations, tympanostomy tube 
placement (within 2 years), or cleft palate were ex- 
cluded, as were those with any major chronic illness 
or who required daily medication (except for anti- 
allergy therapy). 


Otoscopy was done by otoscopists previously vali- 
dated against findings at myringotomy (sensitivity 
>95 %, specificity >80%). Tympanometry and 
audiometry were done by a certified audiologist us- 
ing a Madsen ZO-70 electroacoustic immittance 
audiometer (Oakville, Ontario, Canada) and a 
Grason-Stadler 1705 audiometer (Littleton, Mass) 
in a commercial single-walled sound-attenuated 
chamber. The auditory behavioral thresholds at 
300, 1,000, and 2,000 Hz were averaged for both 
air- and bone-conducted pure tones (pure-tone 
average). 


The judgment that effusion was present was based 
on an algorithm derived from the pneumatoscopic 
and tympanometric findings. Three pneumatoscop- 
ic assessments of the tympanum were permitted: 
normal mobility, indeterminate mobility (retracted 
tympanic membrane with good outward mobility), 
or abnormal mobility (hypomobile, immobile, air- 
fluid level). Each tympanogram was coded as one 
of 15 types by the criteria of Cantekin et а], 2° and 
grouped according to probability of effusion as low, 
intermediate, or high. Discrepancies between oto- 
scopic and tympanometric findings were reviewed 
by a second validated otoscopist. A positive fluid 
score was given to any ear with "abnormal" pneu- 
matoscopy or the combination of "indeterminate" 
otoscopy and either a high-probability tympano- 
gram (types 5, 8, 12, 13) or a type 14 intermediate 
tympanogram. 


Regardless of prior therapy, each child was 
treated with a 10-day course of a fixed combination 
of erythromycin ethyl succinate, 50 mg/kg, and sul- 
fisoxazole (Pediazole), 150 mg/kg, and a 30-day 
course of the decongestant pseudoephedrine hydro- 
chloride (Novafed), 4 mg/kg. If the fluid persisted 
for 60 days after this treatment, the child under- 
went a complete medical evaluation including skin 
test for common inhalant and food allergens. Entry 
into the study was postponed for those with a sig- 
nificant allergy history or positive skin tests until 3 
months of specific antiallergy therapy (medical or 
desensitization) was given by (and at the discretion 
of) a pediatric allergist. A lateral radiograph of the 
nasopharynx was done to assess adenoid size.?* A 
study otolaryngologist examined each child to con- 
firm the presence of chronic effusion; children with 
other otologic diagnoses or those with advanced or 
irreversible structural changes of the tympanum 
(such as cholesteatoma, permanent perforation, or 
atelectasis) were excluded. The parents and the 
child were informed about the rationale and meth- 
ods of the study and the potential risks and benefits 
of each surgical option. 
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INFORMED CONSENT AND TREATMENT 
ASSIGNMENT 


If no surgical contraindications existed, parents 
were asked for permission to enter their child into 
the study. If informed consent was given, the child 
was assigned randomly by the project statistician, 
using tables of random numbers, to one of the four 
groups stratified (each at two levels) for age («6.5 
and z 6.5 years), sex, ethnic group (Mexican-Amer- 
ican/other), and history of prior tympanostomy 
tubes. Randomization was done in blocks of 16 
within each stratum tc assure even distribution of 
patients within the four groups across time. Parents 
then were informed of the assigned treatment, and 
its known advantages and disadvantages were reit- 
erated by the study oto_aryngologist. Their freedom 
to choose without prejudice an alternative treat- 
ment was reaffirmed. 


SURGICAL METHODS 


The procedures were done on an outpatient basis, 
with overnight inpatient monitoring after adenoid- 
ectomy at the surgeon's discretion. Inhalational 
general anesthesia was used in all cases. There were 
14 participating otolaryngologists in five hospitals. 
The ear canal was filled for 1 minute with povidone 
iodine solution, which was removed by suction and 
triple rinsing with sterile saline. A myringotomy 
was made anteroinfer-orly and the middle ear was 
aspirated until dry. The fluid was collected in a 
sterile plastic container (Juhn Tym-Tap; Xomed, 
Jacksonville, Fla) and categorized by the surgeon on 
the basis of its physical characteristics as serous, 
mucoid, purulent, or other. А Gram stain of the 
smeared effusion and a culture for aerobic organ- 
isms were done the same day. Both ears were opened 
regardless of the operative otoscopic findings unless 
one ear had been perfectly normal on all preopera- 
tive examinations. А tympanotomy tube of the 
Shepard type with an internal opening of 1.1 mm 
was inserted through the incision. A larger incision 
was used on the myringotomy group. Adenoidecto- 
my was done with sharp curettes and use of mirror 
control for completeness of removal. The fossae of 
Rosenmüller were not disturbed. 


FOLLOW-UP PROCEDURES 

Otoscopic and tym»anometric examinations were 
scheduled at 6-week intervals and an audiogram 
was done at every second visit. The period of fol- 
low-up was 2 years (18 visits). Parents were also en- 
couraged to return for unscheduled, interval visits if 
the child was ill with any otic symptoms. 


Follow-up examinations were done by the study 
nurses with physician verification of all abnormal 
findings. Ninety percent of the examinations were 
done by two nurses and one physician (С.А.), a 
board-qualified ped:atrician. The examiners were 
unaware of the operation done, unless a tube was 
visible in the tympanic membrane. The investi- 
gators were blinded to the outcome data. A study 


~ 


otolarynzologist examined patients with recurrent 
effusion who were being considered for repeat 
surgical -herapy and those in whom a complication 
was suspected. 


Reminder letters and phone calls were used to en- 
hance compliance with appointments. An allow- 
ance to help defray transportation costs was offered 
for each visit. No charges were made for the study 
examinations. 


RE-TRE^TMENT PROTOCOL 


Each new episode of recurrent effusion was 
treated, regardless of signs or symptoms of inflam- 
mation, with a 10-d course of amoxicillin (Amoxil, 
750 тека in three divided doses) and a decongestant 
(Novafed, 4 mg/kg for 30 days). If the effusion per- 
sisted for an additional 12 weeks and if, in the bet- 
ter-hearing ear, the air-bone gap was 20 dB or 
greater re-treatment with the same operative pro- 
cedure was recommended. If the fluid recurred 
again and persisted after a second surgical re-treat- 
ment, tympanostomy tubes were inserted regardless 
of prior use. Nasopharyngeal radiographs were re- 
peated prior to each re-treatment; if the adenoid 
was en.arged (70% of the nasopharyngeal airway 
according to the method of Fujioka et al?*), repeat 
adenoidectomy would have been recommended. If 
adenoidectomy had not been done, it was recom- 
mended regardless of adenoid size if a third surgical 
re-trea-ment was indicated. Surgically re-treated 
children remained in follow-up and their data were 
included in those for the огідіпаПу assigned group. 


STATISTICAL PROCEDURES 


The study design was based on the assumption 
that ater removal of fluid via myringotomy and 
aspiration the children would have an average of 40 
weeks with effusion during the 2 postoperative 
years. We anticipated that this baseline rate would 
be recuced 20% (to 32 weeks) by the addition of 
tympanostomy tubes and 40% (to 24 weeks) by ade- 
noidectomy. Sample size calculations were based on 
an alpha error of 0.05 and a beta error of 0.05 for a 
power of 0.95 to detect in a one-way analysis of 
variar ce the differences noted above, with 107 pa- 
tients in each group. We also reasoned that the 
combination of adenoidectomy and tympanostomy 
tubes should reduce time with effusion to 16 weeks 
but that a sample size large enough to detect a dif- 
ference between adenoidectomy with myringotomy 
and adenoidectomy with tubes could not be 
achieved within a reasonable time. 


The main outcome measures, established a 
priori, were 1) time with effusion, 2) time with ab- 
normal hearing, 3) time to first recurrence of ef- 
fusior, and 4) number of surgical re-treatments. 
Primary analyses were done with the patients’ data 
ascribed to the assigned treatment group (not by 
treatment received) and by patient (rather than by 
ear) unless otherwise noted. Events were assigned to 
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the date of the scheduled visit at which an event 
was first noted. Morbidity level at randomization 
was not included in the outcome measures. 


Time with effusion was calculated by dividing 
the number of regular follow-up visits in which an 
effusion in either ear was observed by the number 
of visits made. This statistic, although labeled the 
proportion of time with effusion, is, strictly, the 
proportion of visits with effusion; multiplying by 
the duration of follow-up would give an approxi- 
mation of actual time. Time with abnormal hearing 
was determined for each ear in the same manner. 
The proportion of time with effusion and with hear- 
ing loss was calculated for each child and weighted 
for the number of visits made." The weighted pro- 
portions then were averaged for each group. This 
technique gave half as much "credit" to the follow- 
up experience of a child who, for example, made 
nine visits as it did to one who made all 18. 


Time to first recurrence was calculated from the 
date of operation to the date of the visit at which ef- 
fusion was first noted. Time to first recurrence after 
tube extrusion was calculated from the date of the 
visit at which the tympanic membrane had healed 
to the date of the visit at which an effusion was 
noted. 


The statistical analyses consisted of 1) comparison 
of the pretreatment baseline variables across the 
four groups using row-by-column contingency 
tables or one-way analysis of variance in order to 
evaluate the effectivefiess of randomization; in ad- 
dition, the comparisons of the baseline measures of 
the participants and those who dropped out of the 
study before surgical treatment were done with log- 
linear models and two-way analysis of variance; 2) 
a one-way analysis of variance weighted for the 
number of follow-up visits for two of the main out- 
come variables (time with effusion, time with ab- 
normal hearing) followed by intergroup compari- 
sons with the Student-Newman-Keuls multiple 
comparisons procedure’; 3) X? analysis of the num- 
bers of surgical treatments; 4) construction of life 
tables for the time to first recurrence, followed by 
comparison of the four groups with the generalized 
Wilcoxon (Breslow) statistic and the Bonferroni cor- 
rection for multiple comparisons”’; and 5) tests for 
possible interactions between sex, age, ethnicity, 
laterality of effusion, referral source, and surgical 
treatments with factorial analysis of variance?* and 
Cox's regression models.” The level of statistical 
significance used in this study was p< .05. All p 
values were two-sided. 


The major outcome measures were analyzed for 
1) all 491 patients who had a surgical procedure, 2) 
the 389 patients who remained in follow-up, 3) the 
102 patients who discontinued follow-up, and 4) 
the 491 patients as actually treated (rather than as 
randomized). These multiple analyses were per- 
formed to evaluate possible bias produced by these 


TABLE 1. DISTRIBUTION OF 578 PATIENTS 
RANDOMIZED BY SEX, AGE, ETHNICITY, 
AND PRIOR TUBES 


Assigned Group 


1 2 3 4 

Strata (п = 127) (n = 150) (п = 151) (п 150) 
Male, young, МА, 

no prior tubes 32 39 44 39 
Male, young, MA, 

prior tubes 1 1 1 0 
Male, old, MA, 

no prior tubes 16 15 16 18 
Male, old, MA, 

prior tubes 0 1 1 0 
Male, young, other, 

no prior tubes 19 24 22 23 
Male, young, other, 

prior tubes 2 2 1 4 
Male, old, other, 

no prior tubes 5 7 5 4 
Male, old, other, 

prior tubes 1 0 0 0 
Female, young, МА, 

no prior tubes 20 23 28 25 
Female, young, MA, 

prior tubes 1 0 1 0 
Female, old, MA, 

no prior tubes 12 15 11 12 
Female, old, MA, 

prior tubes 1 0 0 0 
Female, young, other, 

no prior tubes 13 16 15 19 
Female, young, other, 

prior tubes 0 1 0 2 
Female, old, other, 

no prior tubes 4 6 6 4 
Female, old, other, 

prior tubes 0 0 0 0 


In the Tables, the groups are defined as follows: group 1 — myr- 
ingotomy, group 2 — tympanostomy tubes, group 3 — adenoidectomy 
and myringotomy, group 4 — adenoidectomy and tympanostomy 
tubes. MA — Mexican-American. 


tube. МА — Mexican-American, 0 
groupings. Additional minor outcome measures 
were analyzed with methods similar to the major 
outcome measures. 


RESULTS 
PATIENT RECRUITMENT 


Over a period of 5 years 3,350 children were re- 
ferred to the Otitis Media Study Center for treat- 
ment of chronic otitis media. Of these, 2,024 (60%) 
qualified for initial medical treatment, and fol- 
lowing this treatment 1,023 (51%) had resolution of 
the effusion. Of the remaining 1,001 with persistent 
effusion, 47 were medically ineligible to participate 
in the study and 376 declined to participate further, 
leaving 578 patients to be assigned randomly to one 
of the four surgical groups. Table 1 shows the dis- 
tribution of these 578 patients across the four groups 
after randomization stratified by age, sex, ethnici- 
ty, and prior history of tympanostomy tubes. 


The subsequent history of these 578 patients is 
displayed by group in Table 2. The primary set in 
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TABLE 2. DISTRIBUTION ОЕ 578 RANDOMLY 
ASSIGNED PATIENTS 


Assigned Group 
1 2 3 4 Total 


Randomized 127 150 151 150 578 
Refused operation 11 7 12 п 4l 
CEared prior to operation 9 14 9 14 46 
Operated 107 129 130 125 491 

Completed follow-up 83 105 98 103 389 

Discentinued follow-up 24 24 .32 22 102 


this report is the 491 patients who underwent an 
operative procedure. Of these, 389 stayed in follow- 
up ‘or 2 years and 102 missed four consecutive visits 
anc were labeled as dropouts. Eighty-seven patients 
did not receive surgical therapy. The numbers of 
patents in groups 2 through 4 were comparable. 
However, there were fewer patients in group 1 be- 
cause entry was stopped early at the request of the 
Safety and Data Monitoring Board. 


DATA QUALITY 


Monthly error checks were carried out in which 
10% of the forms were randomly selected and com- 
pared manually to the corresponding computer 
printouts. The cumulative error rate was 0.56% 
(283 errors per 50,343 items). 


PATIENTS NOT TREATED SURGICALLY 


Cf the 87 patients who did not undergo a surgical 
procedure, 46 had clearance of their effusion prior 
to cperation and 41 refused operation. They were 
distributed equally across the four groups and did 


not differ in their baseline characteristics from the 
other 291 in any consistent or clinically important 
manne-. We encouraged the parents of these chil- 
dren tc return for follow-up visits even though sur- 
gery was not done since they would, de facto, be- 
come = nonoperative control group. However, of 
the 4! >atients who refused operation only one par- 
ticipated, and to a limited extent. Of the 46 patients 
who £ eared prior to surgery only 26 had апу 
follow-up, which was also quite limited. 


Therefore, these 87 patients who were random- 
ized but received no surgical treatment were ex- 
cluded from analysis of outcomes. Because they 
were cistributed equally across treatment groups 
and *»re comparable to the surgical group, the 
elimiastion of these patients from subsequent 
analysis does not appear to introduce any element 
of bias into the interpretation of the surgical out- 
comes. 


COMFA ABILITY OF PATIENTS TREATED 
SURGICALLY 

The <act that the 491 patients who received sur- 
gical яеаітепі were comparable across groups in 
regard -o the stratification criteria of ethnicity, sex, 
age, and prior treatment with tubes, as well as 39 
other selected variables, indicates that the random- 
ization scheme was satisfactory. The comparability 
of major independent variables among the four 
treatment groups is displayed in Table 3. A com- 
plete listing of the group, comparability data is 
found in the Appendices, Tables A-A5. 


TABLE 3. COMPARABILITY OF SELECTED PRETREATMENT CHARACTERISTICS 
OF 491 PATIENTS ACCORDING TO ASSIGNED TREATMENT GROUP 


1 

Chaaacteristic (n = 107) 
Age yr) 4.0 to 6.5 0.69 
Sex — male 0.61 
Ethnicity — Mexican-American 0.65 
No previous tubes 0.94 
Income of parents 

<$10K 0.49 

$1) to 20K 0.38 

»320K 0.13 
Positive skin tests 0.10 
Late-ality of effusion at operation 

Ме effusion 0.11 

Unilateral 0.21 

Bi ateral 0.68 
Refe-ral source 

Pr vate physician 0.24 

CEnics 0.20 

School screening 0.56 
Age at onset (yr) 2.3 
Number of siblings with otitis media 0.43 


Father's education level (years of schooling) 11.3 


?roportion by Assigned Group 


2 3 4 
(n = 129) (n = 130) (n = 125) p 
099 0.73 0.74 dM 
05s 0.59 0.58 .965 
09 0.67 0.61 ‚666 
049" 0.97 0.96 .640 
05-4 0.56 0.50 
023 0.26 0.32 ‚506 
014 0.18 0.18 
09% 0.13 0.09 .317 
0 1% 0.13 0.11 .598 
029 0.30 0.30 .145 
0%- 0.57 0.58 ‚292 
02 0.28 0.22 520 
0l- 0.15 0.10 190 
0965 0.57 0.68 161 
O M гап Number by Assigned Group 
22 2.3 2.3 894 
Os 0.46 0.49 ‚923 
114 11.4 IET ‚769 
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Fig 1. Survival curves by assigned group depicting rate of 
dropout of 102 patients who discontinued follow-up. 
MX — myringotomy, TT — tympanostomy tubes, 
ADMX — adenoidectomy and myringotomy, ADTT — 
adenoidectomy and tympanostomy tubes. 


PATIENTS WHO DISCONTINUED FOLLOW-UP 


The 102 patients who missed four or more con- 
secutive follow-up visits constitute the dropout 
group. The number of their follow-up visits ranged 
from 0 to 14 with a mean of 5.2, or a median of 315 
days. The 389 patients who completed the study 
kept from seven to 18 visits, with a mean of 16.4 
and a median of 779 days of follow-up. АП data 
from all patient visits were used in the outcome 
analysis. 


These 102 patients’ were distributed equally 
across the treatment groups and the rate of dropout 
was also equal across treatment groups (Fig 1). The 


Group 1 - Myringotomy 


Assigned 






Assigned 


Treated Treated 


1 st Re-treatment 


Assigned Assigned 


Treated Treated 


1 st Re-treatment 1 st Re-treatment 


2 nd Re-treatment 


3 rd Re-treatment 


C97] [тт] ov Bor 


2 nd Re-treatmen |2]|E13| 2 | 


Group 4 - Adenoidectomy & Tubes 


2 nd Re-treatment 


demographic characteristics of these patients were 
the same as those of the 389 who completed follow- 
up with the exception that 49% were non-Mexican- 
American as compared to 34% of those who stayed 
in follow-up. As these three factors, distribution of 
dropouts across treatment groups, dropout rate, 
and demographic characteristics, were the same for 
all treatment groups, we conclude that there was no 
association between treatment group and discontin- 
uation of follow-up. 


To assess further whether treatment outcomes 
were a factor in discontinuing follow-up, examina- 
tion of the limited data available for the 102 pa- 
tients who discontinued follow-up was performed. 
Three major outcome variables were examined and 
the results were compared to those of the 389 who 
stayed in follow-up (see Appendices, Table B). The 
results of this comparison give no uniform evidence 
that those who discontinued follow-up were either 
healthier or sicker than their counterparts. Half of 
the 102 patients who discontinued follow-up did so 
because they moved away from San Antonio. The 
reasons for the remainder are unknown. 


In order to obtain the most complete picture of 
the follow-up experience, we included the data 
from all randomized subjects in the analysis. There- 
fore, the results of all 491 surgical subjects are re- 
ported and weighted by the number of visits. 


PATIENTS ELECTING ALTERNATIVE 
TREATMENTS 

Distribution of the 491 patients by assigned treat- 
ment is shown in Fig 2. Twenty-seven of the 491 
(5.5%) chose a treatment other than their ran- 


Group 2 -Tympanostomy Tubes 







Fig 2. Distribution of patients by assigned 
treatment. First treatment indicates distribu- 
tion of patients by treatment actually received. 
Re-treatments are distributions of subsequent 
treatments. MX — myringotomy, TT — tym- 
panostomy tubes, ADMX — adenoidectomy 
and myringotomy, ADTT — adenoidectomy 
and tympanostomy tubes. 
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Fig 3. Distribution of all 491 patients, irrespective of group 
assignment, bv maximum number of visits kept. Numbers 
of visits are grouped 0 to 2, 3 to 5, 6 to 8, 9 to 11, and 12 to 
14. Percentages of patients who kept 15, 16, 17, and 18 vis- 
its are displayed separately. 


domized one. One subject chose to enter group 1, 
eight chose group 2, two chose group 3, and 16 
chose group 4 rather than their randomized as- 
signments. Twelve patients left group 1, four left 
group 2, six left group 3, and five left group 4. 


The major outcome variables were analyzed for 
patients both as treated and as randomized and 
compared. There was no difference in overall re- 
sults of the analyses for the major outcome variables 
and none of the study conclusions were affected. 
Only one subanalysis result changed: the difference 
in time to first recurrence of any effusion was 22 
days earlier in group 2 than in group 4 as random- 
ized, but was 36 days earlier as treated. For the 
groups as randomized the difference was not statis- 
tically significant, but for the groups as treated it 
was (р = .045). 


In the remainder of the main body of this report 
the results of the study are tabulated according to 
the original randomly assigned group. 


FOLLOW-UP 


Thirty-seven percent of the patients completed 
all 18 follow-up visits and 83% completed at least 
nine visits (Fig 3). The mean number of follow-up 
visits for the entire cohort was 14. From the 491 


surgical patients 8,838 visits were expected, and 
6,908 visits (78%) occurred. Of these, 6,005 (87%) 
were kept within the 10-day time window specified 
by the study protocol. In addition, 324 interval ill- 
ness visits were made. Table 4 displays the propor- 
tion and mean number of on-time, late, and missed 
visits as well as the mean number of illness visits per 
patient across treatment groups. 


There was a significant difference in the mean 
number of visits: the patients in group 3 mace 1.0 
fewer follow-up visits than did the entire study co- 
hort (p= .042), 1.7 fewer than those in group 2 
(р = .04£), and 1.4 fewer than those in group 4 
(p = .08£). There was also a significant difference in 
the num ber of interval visits in each group (р= 
.024), with the patients in group 3 making signifi- 
cantly fewer (0.4 v 0.7) than the entire cohort. 


To te& whether those children whose visits were 
late fared differently from those whose visits were 
on time the two major outcome variables (time 
with effusion and time with abnormal hearing) 
were analyzed with and without late visits. No dif- 
ferences were found. Therefore, the results reported 
below include late visits as well as on-time visits. 


EFFUSION 


Middle ear effusion was judged to be present at 
the time of randomization in 866 of the 982 ears and 
was unilateral іп 109 children, bilateral in 378, and 
not recorded in four. Bilateral effusion was present 
in 79%. 77%, 78%, and (7% of the patients in 
groups | through 4, respectively. The mean number 
of days »etween randomization and operation was 
29. 


Middle ear effusion was present at operation :n 
74% of ears and was mucoid in 73%, serous in 
16%, ard purulent in 10% (Table 5). The effusion 
was unikateral in 123 patients, bilateral in 298, and 
absent in 70. There was no significant difference 
among groups regarding either the presence of fluid 
at surgery, the type of fluid present, or the laterality 
of disease. 


Six hundred eighty middle ear effusions were sub- 
mitted for culture. Positive microbial cultures were 
obtainec from 285 specimens (24 % ). There were no 


TABLE 4. MEAN NUMBER OF FOLLOW-UP VISITS М№ = 491, AS RANDOMIZED) 


Assigned Group 





Total 2 3 4 р 
Mean number of visits kept 14.07 13.89 14.81 13.08 14.50 .0421 
Mean number of visits kept on time 12.23 12.00 13.11 11.18 12.62 .0230 
Mean number of visits kept late 1.84 1.89 1.79 1.90 1.89 .7830 
Mean number of visits missed 1.90 1.81 1.45 2.50 1.82 .0076 
Mean number of sick visits 0.66 0.72 0.81 0.42 0.70 .0238 
Proportion of scheduled visits kept 0.850 0.854 0.887 0.796 0.863 .0041 
Proportion of scheduled visits kept on time 0.736 0.733 0.784 0.674 0.751 .0030 
Proportion of scheduled visits kept late 0.114 0.121 0.103 0.122 0.112 .5066 
Proportion of scheduled visits missed 0.150 0.146 0.113 0.204 0.137 .0041 


10 Gates et al, Chronic Secretory Otitis Media 


TABLE 5. MIDDLE EAR CONTENT AT OPERATION (982 EARS) 


Assigned Group 


1 2 


(n = 214) (n = 258) 
Content n (95) n (%) 
Fluid 165 (77) 187 (72.5) 
No fluid 46 (22) 67 (26 ) 
Unknown* 3 (1) 4 (L5 

(n = 165) (n = 187) 
Fluid type n (9) n (%) 
Serous 20 (12) 32 (17 
Mucoid 118 (72) 136 (73 
Purulent 27 (16) l6 (9 
Bloody 0 2 
Combination 0 1 


*No operation on four ears, other results not known. 


differences across treatment groups regarding the 
organisms isolated from the effusion (Table 6). Of 
all positive cultures, 8% were positive for Strep- 
tococcus pneumoniae, 26% for nontypeable He- 
mophilus influenzae, 7.5% for H influenzae type B, 
4.5% for Branhamella catarrhalis, 32% for Staphy- 
lococcus epidermidis, 7% for Staphylococcus aure- 
us, 19% for diphtheroids, 3% for group А Strepto- 


3 4 

(n = 260) (n = 250) 

n (%) n (%) p 
186 (71.5) 184 (74) 

79 (98 ) 66 (26) ‚484 

2 ( .9) 0 (0) 

(п = 186) (п = 184) 

п (9) n (%) р 
35 (19) 29 (16) .375 
134 (72 ) 136 (74) .962 
ig {7 ) 18 (10) ‚024 

2 1 

2 0 


coccus, 3% for Pseudomonas aeruginosa, and 19% 
for all other organisms combined. 


PRIMARY OUTCOME MEASURES 
The main outcome measures of the 491 children 
are summarized in Table 7. 


Time With Effusion. Middle ear effusion of any 
type recurred in 87% of all the children and by 


TABLE 6. DISTRIBUTION OF CULTURE RESULTS BY NUMBER OF EARS (N - 982) 
Assigned Group 


1 
(n = 214) 
Positive cultures (n = 285) 74 (34.6%) 
Negative cultures (n = 395) 80 (37.4%) 
Unknown or no fluid (n= 302) 60 (28.0%) 


2 3 4 
(п = 258) (п = 260) (п = 250) 
65 (25.6%) 67 (25.8%) 79 (31.6%) 
114 (43.8%) 107 (41.2%) 94 (37.6%) 
79 (30.6%) 86 (33.1%) 77 (30.8%) 


TABLE 7. MAIN OUTCOME VARIABLES (N = 491 PATIENTS) 


Assigned Group 


1 2 3 4 
(n = 107) (n = 129) (n = 130) (n = 125) p 
Time with effusion (mean + SD) 0.491 2 0.252 0.349 + 0.235 0.302 + 0.250 0.258+0.212 <.0001* 
Time with hearing loss > 20 dB HL 
Better ear (mean + SD) 0.186 10.195 0.101 x 0.141 0.078 30.131 0.065+0.116 <.0001* 
Worse ear (mean + SD) 0.375 + 0.253 0.304 + 0.227 0.220 + 0.239 0.224 2 0.221 « .0001* 
Days to first recurrence (median + SD) 54 x2 222311 92 + 33 240 + 22 « .0001 
Number of surgical re-treatments 66 36 17 17 « .0001 
i mE Е Intergroup Comparisons О 
Time With Time With Hearing Time With Hearing Days to No. of Surgical 
Groups Effusion] > 20 dB HL in Better Eart > 20 dB HL in Worse Eart Recurrence§ Re-treatments}$ 
102 < .0001 < .0001 ‚0216 <.0001 <.001 
103 < .0001 < .0001 < .0001 .0007 < .001 
104 < .0001 < .0001 < .0001 < .0001 < .001 
203 .0804 .2479 .0174 .0001 .009 
204 .0097 .1628 .0093 .2314 .007 
304 ‚2364 ‚5042 ‚8231 ‚0001 ‚932 


Time with effusion was calculated as number of scheduled visits with effusion of апу type in either ear divided by number of visits kept and weighted on 
number kept; this proportion was determined for each child and averaged for each group. Number of visits in which child had hearing threshold of 
> 20 dB HL, using three frequency, pure tone average, was divided by number of visits kept and weighted on number of visits kept; this proportion was 
determined for each child and averaged for each group. For median days to first recurrence, number of days was calculated between date of operation 
for each child and date of regularly scheduled visit at which acute or chronic effusion was noted behind intact membrane. 


* ANOVA weighted on number of follow-up visits. 
fStudent-Newman-Keuls multiple comparisons. 
8Wilcoxon (Breslow) statistic. 

P analysis. 
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Fig 4. Distribution of time with 
effusion by group, weighted by 4 
number of visits made. Percen- 
tages of patients (п = 491) spen- 
ding specified proportions of time 
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Proportion of Time With Effusion 


group in 91%, 90%, 84%, and 86%, respectively. 
Figure 4 displays the distribution of time with ef- 
fusion in either ear for each group. In Table 8, com- 
parisons are made for each treatment group by the 
pattern of effusion, ie, in either ear, unilateral, and 
bilateral. All types of effusion are included. Over- 
all, 61% of recurrent effusions were unilateral, and 
this proportion did not differ across the four groups. 


To give a more detailed picture of the patterns of 
recurrent effusions, patient outcomes were calcu- 
lated for each type of effusion (Fig 5). 


The fact that the incidence of new acute effusions 
behind an intact tympanic membrane did not differ 
across the groups (Table 9) indicates that the pre- 
valence of acute otitis media was similar in all four 
groups, in terms of both numbers of patients af- 
fected as well as time with effusion. 


Recurrent chronic effusions were more frequent 
in grcup 1 (Table 10). Time spent with chronic ef- 
fusion was reduced significantly in group 4 as com- 
pared with group 2 (р = .026). The proportion of 
patients with recurrent chronic effusion was not 
different across the four groups. 


Purtlent otorrhea, with or without a tube in 
place, occurred in 22%, 29%, 11%, and 24% of 
the patients in groups 1 through 4, respectively 
(р = .099). The total number of episodes of otorrhea 
per group was 38, 67, 21, and 41 (р< .0001). The 
proportion of time with otogrhea was 0.034, 0.039, 
0.013, and 0.034 for groups 1 through 4, respect- 
ively tp = .006). The number of patients in each 
group with one or more episodes of otorrhea is dis- 
playec in Table 11. 


То examine the rate of effusion during the follow- 


TABLE 8. TIME WITH EFFUSION AS RANDOMIZED (N = 491 PATIENTS). WEIGHTED ON NUMBER OFF OLLOW-UP VISITS 


Assigned Group (Mean x SD) 
3 


1 2 4 
Effusion Pattern (n = 107) (n = 123) (n = 130) (n = 125) p 
Either ear 0.514 2 0.245 0.377 + 0:233 0.323 + 0.254 0.286+0.214 < .0001 
Unilateral 0.260 + 0.188 0.257+ 0.179 0.201+0.189 0.195+0.161 .0036 
Bilateral 0.253 + 0.189 0.120+0.131 0.122+0.157 0.091 0.122 < .0001 
p Values — Intergroup Comparisons* 
Effusion in Either Ear Unilateral Effusion Bilateral Effusion 

Tube effect 

Group 1 v 2 < .0001 .8104 < .0001 

Group 3 v 4 .2364 ‚7314 ‚2517 
Adenoidectomy effect 

Group 1o 3 « .0001 .0292 < .0001 

Group 2 v 4 ‚0097 ‚0225 ‚1436 
Tubes v adenoidectomy 

Group 20 3 .0804 ‚0161 ‚8038 
Minimal surgery vs maximal surgery 

Group 1 v 4 < .0001 .0276 < .0001 


Time with effusion was calculated as number of visits with effusion of any type ігзеіћег ear divided by number of visits kept and weighted on number 
kept; this proportion was determined for each child and averaged for each group. Both regularly scheduled and interval illness visits are included. 


*Student-Newman-Keukb multiple comparisons. 
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Fig 5. Proportion of ear examinations (n = 982) with effu- 
sion present. Effusions are classified as acute (AOME) or 
chronic (COME) and displayed by group. In groups 2 and 
4, acute effusions are subclassified as occurring before or 
after tube fallout (TFO). By definition, chronic effusion 
cannot occur prior to tube fallout or dysfunction. Group 
1 — myringotomy, group 2 — tympanostomy tubes, group 
3 — adenoidectomy and myringotomy, group 4 — ade- 
noidectomy and tympanostomy tubes. 


up period we calculated the number of effusions per 
ear per month (Fig 6 and Table 12). This statistic, 
termed monthly effusion rate, permits an estimate 
of the monthly recurrence pattern. In groups 2 and 
4 the monthly effusion rate was determined as 
before and after tube fallout. In the two nontube 
groups the monthly effusion rate was 0.239 for 
group 1 and 0.132 for group 3. In the tube groups 
the rate varied before and after tube extrusion: 
0.019 to 0.221 for group 2 and 0.027 to 0.151 for 
group 4. The monthly rate of effusion of any type 
varied significantly 1) across the four groups 
(р < .0001), 2) comparing group 3 with group 1 and 
group 4 with group 1 (p< .0001), and 3) comparing 
group 2 with group 3 and group 2 with group 4 
(p < .0001). The rate did not vary between groups 1 
and 2 (p=.316) or between group 3 and group 4 
(р= .272). 


Time With Abnormal Hearing. Preoperative au- 
diograms for the 491 patients undergoing treatment 
demonstrated asymmetric bilateral conductive 
hearing losses. Mean pure tone averages in decibels 
hearing level (dB HL) (ANSI 1969) were 24.5, 23.1, 
24.9, and 23.9 in the better ear and 37.3, 34.4, 


TABLE 9. PROPORTION OF VISITS AND PERCENTAGE 
OF PATIENTS WITH ACUTE EFFUSION (INTACT 
TYMPANIC MEMBRANE) (N = 491, AS 


RANDOMIZED, WEIGHTED) 


Proportion 
Patients of Visits 

Group No. % (Mean + SD) 
1 (n= 107) 48 44.9 0.045 + 0.052 
2 (n = 129) 46 35.7 0.041 x 0.059 
З (п = 130) 45 34.6 0.036 + 0.052 
4 (n = 125) 48 38.4 0.039 + 0.057 
p .3804 .6764 
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TABLE 10. PROPORTION OF VISITS AND PERCENTAGE 
OF PATIENTS WITH CHRONIC EFFUSION (N - 491, AS 


RANDOMIZED, WEIGHTED) 
———M————————————— 


Patients Proportion of Visits 
Group No. % (Mean x SD) 
1 (п = 107) 96 89.7 0.466 + 0.245 
2 (п = 129) 110 85.3 0.318+0.232 
3 (n= 130) 106 81.5 0.291+0.244 
4 (п = 125) 102 81.6 0.239 + 0.207 
p 2716 « .0001 
Multiple % of Pts Proportion of Visits 
Comparisons р (X?) p (Newman-Keuls) 
Group 1 v 2 .307 < .0001 
Group 1 v 3 ‚077 <.0001 
Group lv 4 ‚081 < .0001 
Group 20 3 .420 ‚366 
Group 2 v 4 .431 .026 
Group 3 v 4 .990 .090 


26.1, and 27.1 in the worse ear for groups 1 through 
4, respectively. Analysis of variance demonstrated 
no hearing differences among treatment groups 
preoperatively. At the end of study, pure tone 
averages improved for all groups over the 2-year 
follow-up, although the improvement was signifi- 
cantly smaller (5 v 12 dB HL, p< .05) for those in 
group 1 than those in groups 2 through 4 combined. 
There were no differences among groups 2 through 
4. The difference was apparent at 12 weeks fol- 
lowing treatment and remained stable throughout 
the follow-up. 


The proportion of time spent with abnormal 
hearing is presented in Table 13. The proportion of 
time with hearing > 20 dB HL in both the better 
and worse ears was higher in group 1 than in the 
other three groups. In the worse ear the proportion 
of time with hearing > 20 dB HL was similar to the 
proportion of time with effusion. There was no sig- 
nificant difference between group 3 and group 4. 
Group 2 was significantly higher than either group 
3 or group 4. 


The rather marked difference in hearing between 
the better and worse ears suggests that the majority 
of the recurrent effusions were unilateral. 


Because there is disagreement about the level at 
which a hearing handicap exists, we examined the 
proportion of time children spent with hearing at 


TABLE 11. NUMBER OF PATIENTS WITH 


PURULENT OTORRHEA (N - 491) 


Assigned Group 


1 2 d 4 
(n=107) (n=129) (N=130) (n = 125 
No. % No. % No. % No. % 


0 Episodes 83 78 92 71 115 89 95 76 
1 Episode 14 13 23 18 1 9 95 20 
2 Episodes 7 6 6 5 2 1 3 2 
> 3 Episodes 3 3 8 6 2 1 2 2 
p = .009 
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Fig 6. Proportion of ear examinations with effusion of any 
type was present. In groups with tympanostomy tubes 
(TT) and adenoidectomy and tympanostomy tubes 
(ADTT), effusions are classified as before and after tube 
fallout. MX — myringotomy, ADMX — adenoidectomy 
and myringotomy. 


two higaer levels: 225 dB HL and >30 dB HL. 
Neither the rank order of the groups nor the overall 
levels of significance differed at these higher levels, 
although the proportions affected were reduced as 
the fence was raised. These results indicate that in 
all groups 20% or less of the 2-year follow-up 


period was spent with a moderate hearing loss (ie, 
> 30 dB HL). 


Time To First Recurrence. The times to first re- 
currenee of any effusion by patient, by ear, and 
after tude fallout as well as time to first recurrence 
of chronic effusion only (no pain, redness, or bulg- 
ing of tympanic membrane) are reported in Fig 7 
and Table 14. This statistic represents the disease- 
free interval after surgical therapy. 


The differences among the four groups were sig- 
nificant at the p< .0001 level with the generalized 


TABLE 12. PROPORTION OF EAR EXAMINATIONS WITH EFFUSION 
PER EAR PER MONTH, WEIGHTED ANALYSIS (N = 982) 


Assigned Group (Mean x SD) 





1 3 4 р 
Any effusion, TM open — .019 (.042) — .027 (.070) .6577 
Any effusion, TM closed .239 (.141) .221 (.150) .132 (.125) .151 (.143) .0001 
COME, TM open —- ‚004 (.022) — ‚002 (.014) 8122 
COME, TM closed .214 (.132) .189 (.136) 117 (.114) .128 (.127) .0001 
AOME, TM open - ‚015 (.036) -— ‚025 (.069) .0210 
AOME, TM closed .025 (.030) 034 (.056) 015 (.023) 024 (.035) .0008 
Any Effusion, TM Closed COME, TM Closea AOME, TM Open AOME, TM Closed 

Newman-Keuls (p) (p) (p) (p) 
Group 1 v 2 .3161 .0943 .0748 .0497 
Group 1 v 3 « 0.0001 « 0.0001 1516 * ‚0951 
Group 104 « 0.0001 « 0.0001 1.000 ‚7413 
Group 2 v 3 « 0.0001 « 0.0001 1.000 .0004 
Group 2 v 4 « 0.0001 .0003 .1452 .0771 
Group 3 v 4 ‚27118 ‚8115 ‚2065 ‚0614 


TM open — tube still in place, TM closed — tube extruded, COME — chronic otitis media with effusion, AOME — acute otitis media with effusion. 


TABLE 13. PROPORTION OF VISITS WITH ABNORMAL HEARING, WEIGHTED 
ANALYSIS (ALL VISITS, N = 491, AS RANDOMIZED) 





Assigned Group (Mean + SD) 


1 2 3 4 
(n = 107) (n = 129) (n = 130) (n = 125) p 

Better earz 20 dB HL 0.186 30.195 0.101 x 0.141 0.078 x 0.131 0.065 + 0.116 « .0001 

Worse earz 20 dB HL 0.375 + 0.253 0.304 + 0.227 0.220 + 0.239 0.224 x 0.221 < .0001 

Better earz 25 dB HL 0.1192 0.177 0.050 € 0.115 0.032 + 0.078 0.028 + 0.068 < .0001 

Worse ear > 25 dB HL 0.277 + 0.241 0.187 + 0.193 0.147 x 0.194 0.136 2 0.166 < .0001 

Better ear > 30 dB HL 0.064 + 0.125 0.028 + 0.094 0.013 + 0.048 0.010 + 0.038 < .0001 

Worse ear > 30 ав HL 0.202 + 0.229 0.118+0.159 0.084+0.141 0.068 + 0.124 < .0001 

Better Ear Worse Ear Better Ear Worse Ear Better Ear Worse Ear 
>20 dB HL > 20 dB HL >25 dB HL > 25 dB HL > 30 dB HL >30 dB HL 

Newman-Keuls (p) (p) (р) (р) (р) (р) 
Tube effect 

Group 1 v 2 « .0001 .0216 « .0001 .0006 .0009 .0001 

Group Зо 4 ‚5042 ‚28231 .7355 .6625 .7957 .4679 
Adenoidectomy effect 

Group lv 3 < .0001 < .0001 < .0001 < .0001 < .0001 < .0001 

Group 2 v 4 .1628 .0093 3111 ‚1231 ‚2344 ‚0587 
Tubes v adenoidectomy 

Group 2 v 3 .2479 .0174 .2300 .1246 .1826 .1193 
Minimal v maximal operation 

Group 1 v 4 « .0001 « .0001 « .0001 < .0001 « .0001 « .0001 
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Wilcoxon (Breslow) test. When the groups were 
compared by use of the Bonferroni correction for 
multiple comparisons, significant differences oc- 
curred by patient for any type of effusion between 
group 3 (92 days) and both group 2 (222 days) and 
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Fig 7. Time to first recurrence of chronic effusion for 
all 491 patients. Group 1 — myringotomy, group 2 — 
tympanostomy tubes, group 3 — adenoidectomy and 
myringotomy, group 4 — adenoidectomy and tym- 
panostomy tubes. A) By patient by group, B) by ear by 
group, C) by ear beginning with date of tube fallout for 
groups 2 and 4 and with date of operation in groups 1 
and 3. 


group 4 (240 days) at p<.0001. Effusion recurred 
even earlier in the myringotomy group (54 days). 
There was no significant difference between group 
2 and group 4. The same relationships and trends in 
data exist for time to first recurrence of chronic ef- 


TABLE 14. MEDIAN TIME TO FIRST RECURRENCE IN DAYS (x SEM) (N = 491 PATIENTS) 


Assigned Group (Mean + SEM) 


1 2 3 4 
(n = 76) (n = 105) (n = 96) (n = 112) p 
By patient, all effusions 54.34 2.44 222.0+ 10.87 92.0 + 32.69 239.8 + 22.33 < .0001 
By ear, all effusions 63.2 + 10.03 285.1 + 13.29 172.6 + 18.89 342.0 + 22.15 < .0001 
Tube fallout, all effusions 63.2 2 10.03 143.1 + 20.02 172.6 + 18.89 194.9 + 27.57 < .0001 
By patient, СОМЕ 55.64 2.57 230.6 + 12.56 98.0 + 32.69 262.9 + 15.59 « .0001 
By ear, COME 70.2+ 10.04 305.0 + 27.93 184.2 + 32.39 401.8 + 31.35 « .0001 
Tube fallout, COME 70.2. 3- 10.04 143.1 + 20.02 184.2 + 32.39 194.9 + 27.57 « .0001 
Tube 
Tube By Patient, By Ear, Fallout, 
By Patient By Ear Fallout COME COME COME 
Newman-Keuls (р?) (р?) (p*) (p*) (p*) (p*) 
Tube effect 
Group 1 v 2 < .0001 < .0001 .0015 < .0001 < .0001 .0035 
Group 3 v 4 « .0001 « .0001 .2397 < .0001 < .0001 .2969 
Adenoidectomy effect 
Grouplv3 ‚0007 <.0001 Е ‚0017 « .0001 — 
Group 2 v 4 .2314 .0887 .0074 .1516 .0177 .0073 
Tubes v adenoidectomy 
Group 2v 3 .0001 < .0001 .0902 « .0001 « .0001 .0615 


COME — chronic otitis media with effusion. 


*Significance is р < .008 by Bonferroni's correction for multiple comparisons. 
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TABLE 15. MEAN NUMBER OF MEDICAL RE-TREATMENTS PER CHILD (N = 491) 


1 2 3 4 
(n = 107) (n = 129) (n = 130) (n = 125) p 
AOME 1.122: 1.27 1.23 + 1.84 0.66 + 1.00 1.03 + 1.24 .0102 
COME 3.30 + 1.69 2.55 + 1.75 2.37 x 1.91 2.112: 1.74 < .001 
Newman-Keuls AOME (p*) COME (p*) 

Group 1 v 2 .5534 .0014 

Group 10 3 ‚0308 ‚0002 

Group 1 v 4 ‚6284 < .0001 

Group 20 3 .0100 4338 

Group 2 v 4 ‚5352 ‚1377 

Group 3 v 4 .0398 .2613 


Assigned Graup (Mean x SD) 


15 


AOME — acute otitis media with effusion, COME — chronic otitis media with effusion. 
*Significance is p< .008 by Bonferroni’s correction for multiple comparisons. 


fusion only, with effusion recurring 2 to 23 days 
later across treatment groups (Fig 7B). 


The median time to first recurrence of any ef- 
fusion was 9, 63, 80, and 104 days later when calcu- 
lated by ear than when calculated by patient for 
groups 1, 2, 3, and 4, respectively. Similar results 
were found for chronic effusion only, but the me- 
dian time to recurrence was even later: by 14, 74, 
86 and 139 days, respectively. Comparison of the 
by-patient (Fig 7A) and by-ear (Fig 7B) analyses 
also indicates that when effusion recurred it tended 
to be unilateral. 


In order to assess the therapeutic effect of tym- 
panostomy tubes we calculated the effusion-free 
period for the two tube groups (groups 2 and 4), be- 
ginning with the visit at which the tube was first 
noted to have extruded, and compared this statistic 
to the effusion-free period for the nontube groups 
(Fig 7C and Table 14). The therapeutic effect of the 
tube was 73 days according to comparison of the 
two nonadenoidectomy groups. (Group 2 had 143 
effusion-free days after tube extrusion, whereas 
group 1 had 70 effusion-free days after myringot- 


omy). In contrast, following adenoidectomy the 
tube effect was only 11 days. (Group 4 had 195 effu- 
sion-/ree days after tube extrusion, whereas group 3 
had 184 effusion-free days after operation). 


Re-treatment. All episodes of recurrent effusion 
were treated medically. The mean number of medi- 
cal re-treatments per child for acute effusion was 
1.01. and for chronic effusion it was 2.58. Medical 
re-treatments for acute effusion were 36% to 46% 
less йз group 3 than in the other groups. Patients in 
group 1 had significantly more medical re-treat- 
ments for chronic effusion (3.3 per child) than the 
other groups (2.6, 2.4, and 2.1 per child for groups 
2 through 4, respectively). The latter three groups 
were not significantly different from each other 


(Table 15). . 


Of the 491 children, 251 (51%) did not require 
medical re-treatment for acute effusion (Table 16), 
and 87 (17.7%) did not require medical re-treat- 
ment for chronic effusion (Table 17). Medical re- 
treatment for chronic effusion was given once to 95 
(19.4%) children, twice to 98 (20%), three times to 
75 (15.2%), four times to 72 (14.7%), and five or 


TABLE 16. NUMBER OF PATIENTS REQUIRING MEDICAL RE-TREATMENTS FOR ACUTE EFFUSION (N = 491) 


1 2 
(n = 107) (n = 129) 
0 Re-treatments 47 (43.9%) 67 (51.9%) 
1 Re-treatment 30 (28.0%) 29 (22.5%) 
2 Re-treatments 18 (16.8%) 13 (10.1%) 
3 Re-treatments 7 ( 6.5%) 9 ( 7.0%) 
> 4 Re-treatments 9 ( 4.7%) 11 ( 8.5%) 
0 Re-treatments 47 (43.9%) 67 (51.9%) 
> 1 Medical 
re-treatment 60 (56.1%) 62 (48.1%) 
p= .0131 
x2 

Group 1 v 2 

Group lv 3 

Group 104 

Group 2 v 3 

Group 2 v 4 

Group 3 v 4 


Assigned Group 


3 4 

(n = 130) (п = 125) Total 

81 (69.3%) 56 (44.8%) 251 

32 (24.6%) 40 (32.0%) 131 

9 ( 6.9%) 15 (12.0%) 55 

5 ( 3.8%) 5 ( 4.0%) 26 

3 ( 2.3%) 9 ( 7.9%) 28 

81 (62.3%) 56 (44.8%) 951 

49 (37.7%) 69 (55.2%) 240 
p* 
290 
005 
894 
092 
255 
005 


"Significance is p< .008 by Bonferroni's correction for multiple comparisons. 
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TABLE 17. NUMBER OF PATIENTS REQUIRING MEDICAL RE-TREATMENTS FOR CHRONIC EFFUSION (N = 491) 
SSS = EE et) _ 


Assigned Group 
1 2 3 4 
(n = 107) (n = 129) (n = 130) (n = 125) Total 
0 Re-treatments 12 (11.2%) 20 (15.5%) 27 (20.8%) 28 (22.4%) 87 
1 Re-treatment 13 (12.1%) 28 (21.7%) 27 (20.8%) 27 (21.6%) 95 
2 Re-treatments 18 (16.8%) 22 (17.1%) 28 (21.5%) 30 (24.0%) 98 
3 Re-treatments 16 (15.0%) 28 (21.7%) 20 (15.4%) 11 ( 8.8%) 75 
4 Re-treatments 24 (22.4%) 11 ( 8.5%) 17 (13.1%) 20 (16.0%) 72 
5 Re-treatments 15 (14.4%) 11 ( 8.5%) 5 ( 3.8%) 4 ( 3.2%) 35 
> 6 Re-treatments 9 (8.4%) 9 ( 7.0%) 6 ( 4.6%) 9 ( 4.0%) 29 
0 Re-treatments 12 (11.2%) 20 (15.5%) 27 (20.8%) 28 (22.4%) 87 
> 1 Medical 
re-treatment 95 (88.876) 109 (84.5%) 103 (79.2%) 97 (77.6%) 404 
р = .1002 
х? а 
—ÀÀ ee - EN 
Group 10 2 .338 
Group 103 .048 
Group 1 v 4 ‚025 
Group 2 v 3 ‚212 
Group 2 v 4 .160 
Group 3 v 4 ‚152 


"Significance is p< .008 by Bonferroni's correction for multiple comparisons. 


TABLE 18. MEAN DURATION OF ALL EFFUSIONS BY EAR, AS RANDOMIZED 
Assigned Group (Mean x SD) 


No. of visits 6 


weeks apart 2.7+1.9 2.42 1.7 2.1+1.5 2.22 1.6 < .001 

Newman-Keuls p* 

A Group 10 2 ‚0227 
Group lv 3 « .0001 
Group 104 < .0001 
Group 20 3 .0430 
Group 2 v 4 .0668 
Group 3 v 4 4717 


"Significance is p< .008 by Bonferroni's correction for multiple comparisons. 


TABLE 19. NUMBER OF SURGICAL RE-TREATMENTS BY ASSIGNED GROUP (N = 491 PATIENTS) 
TM ————————M————————————————M——MMÓÉÉÁá——Ó—ÓÉ————M———— 


Assigned Group 


1 2 3 4 
(n = 107) (n = 129) (n = 130) (n = 125) Total 
0 Re-treatments 58 (54.2%) 98 (76.0%) 115 (88.5%) 111 (88.8%) 382 
1 Re-treatment 34 (31.8%) 26 (20.2%) 13 (10.0%) 12 ( 9.6%) 85 
2 Re-treatments 13 (12.1%) 5 (3.9%) 2 ( 1.5%) 1 ( 0.8%) 21 
3 Re-treatments 2 ( 1.9%) 0 (0.0%) 0 (0.0%) 1 ( 0.8%) 3 
0 Surgical 
re-treatments 58 (54.2%) 98 (76.0%) 115 (88.5%) 111 (88.8%) 382 
> 1 Surgical 
re-treatment 49 (45.8%) 31 (24.0%) 15 (11.5%) 14 (11.2%) 109 
p=.001 
—— i—— — ма 
Group 1 v 2 « .001 
Group 10 3 < .001 
Group 104 < .001 
Group 20 3 .009 
Group 2 v 4 .007 
Group 3 v 4 .932 


"Significance is p« .008 by Bonferroni's correction for multiple comparisons. 
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Fig 8. Line drawing of nasopharynx indicating distance 
(N) between spheno-occipital synchondrosis and posterior 
edge of hard palate and maximal depth (A) of adenoid pad 
measured at right angles from baseline (B). A/N is ratio of 
two dimensions. Arrows — posterior edge of vomer, which 
eztends from base of һава palate to sphenoid. (Reprinted 
with permission from Laryngoscope 1988;98:58-63.) 


more times to 64 (13%). 


The mean number of medical treatments for 
chronic effusion differed significantly between 
group 1 and both group 3 and group 4 (Table 17). 
There were no sign ficant differences between 
groups 1 and 2 or ameng groups 2 through 4. 


Effusions of any type cleared by 6 weeks (one 
visit) in 42.5% , by 12 weeks in 25.4%, and by 18 or 
mor? weeks in 32.0%. The mean duration (in num- 
ber of visits 6 weeks apart) of any type of effusion is 
displayed in Table 18. Significant differences ex- 
istec between group 1 and all other treatment 
groups and between group 2 and group 3 (p = .043). 
Effusions lasted 16 weeks in group 1, 14 weeks in 
group 2, but only 13 weeks in group 3 and group 4 
(p« 0.001). 


Surgical Re-treatmeat. Surgical re-treatment was 
carried out once in 85 children (17.3%), twice in 21 
(4.2% ), and three times in three (0.6%). Of the 491 
children, 382 (77.8%) did not meet the criteria for 
surgical re-treatment. The number of children re- 
quiring surgical re-treatment is displayed in Table 
19. Significant differences exist between all groups 
except group 3 and group 4, which had the same 
number of repeat surgical re-treatments. Group 1 
required three times more surgical re-treatment 
thar either group 3 or group 4. Group 2 required 
twice as many surgical re-treatments as either 
group 3 or group 4. 


ЕЕЕЕС OF ADENOID SIZE 


The aumber of cases analyzed was reduced to 476 
from 431 by the 15 patients for whom radiographs 
were rot available. The method of determining 
adeneid size is displayed in Fig 8. Table 20 shows 
the dis-ribution of patients by treatment group by 
adencid size divided into equal thirds of the range 
observed in the study cohort. The ratio of 1) the 
maximal thickness of the adenoid pad on a lateral 
radiograph (A) to 2) the distance between the sphe- 
no-occipital suture and the base of the pterygoid 
plate (N) (A/N ratio) ranged from 0.368 to 1.11 
with a mean value (x SD) of 0.711+0.113. The 
mean adenoid size did not vary across the surgical 
groups. Table 21 shows the range of the A/N ratio 
by the age of the patient at the time of the initial ra- 
diograph. The correlation coefficient of age with 
the ÆN ratio as a continuous variable was 0.13 
(p = .@C4). In the 225 children who did not have an 
adencicectomy the mean A/N ratio was 0.712+ 
0.107. for the 197 of this group in whom radio- 
graphs were repeated 6 months later, the A/N ratio 
fell te 0.694 20.149 (р = .024). In the groups of 
childrem undergoing adenoidectomy the A/N ratio 
decreas2d from 0.710+0.118 (п = 251) preopera- 
tively to 0.532 + 0.142 (n = 225) at 6 months postop- 
eratively (р < .0001). 


Table 22 displays the time with effusion by treat- 
ment group by adenoid size. As noted previously, 
there was a significant difference among the groups 
overall ‘р < .0001), with less morbidity time in the 
two adenoidectomy groups. However, the outcome 
for the entire cohort did not vary with adenoid size 
(р = .€9), broken down either by thirds or by 
halves. or plotted as a continuous variable. Nor did 
the differences of outcome within each surgical 
group vary significantly with adenoid size divided 
into ecual thirds (p = .808). 


Table 23 demonstates the lack of effect of 
adeno:d size (as divided into thirds) upon time to 
first recurrence of chronic effusion for each treat- 
ment g-oup analyzed separately. Although fluid 
recurred earlier in the two nonadenoidectomy 
group: in those patients with large versus those with 
small acenoids, this trend was not significant statis- 
tically The overall Cox regression coefficient indi- 
cated that for the entire cohort adenoid size was а 
weak »ut statistically significant predictor of time 
to first recurrence (p = .0245). 


TABLE 20. DISTRIBUTION OF PATIENTS BY TREATMENT GROUP Bà ADENOID SIZE GROUPED IN EQUAL THIRDS 


Size A;N ratio No. % 
Smal. ( 0.368 to 0.616) 17 18 
Mediim (20.696 to 0.864) 67 72 
Large (20.8864 to 1.11 ) 9 19 
Totab 93 


Mear+SD, A/N ratio 


L'istribution across groups is not statistically significant. 


0.7122 0.111 


Assigned Group 


2 3 4 
No. % No. % No. % Total 
96 20 22 18 3] 24 96 
93 70 85 70 84 65 329 
13 19 14 12 15 12 51 
132 121 130 476 
0.712 2 9. 05 0.717 x 0.117 0.705 x 0.120 


^ — maximal thickness of adenoid pad on lateral radiograph, N — distance betweer s»heno-occipital suture and base of pterygoid plate. 
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TABLE 21. EFFECT OF PATIENT AGE ON 
OBSERVED ADENOID SIZE IN CHILDREN WITH 
PERSISTENT OTITIS MEDIA WITH EFFUSION 
BEFORE SURGICAL TREATMENT 


No. of Mean 
Age (yr) Patients A/N Ratio SD 
1 135 0.688 0.115 
5 121 0.712 0.111 
6 137 0.728 0.101 
7 59 0.701 0.122 
8 24 0.761 0.131 


A — maximal thickness of adenoid pad on lateral radiograph, N — dis- 
tance between spheno-occipital suture and base of pterygoid plate. 


Table 24 illustrates the overall lack of effect of 
adenoid size upon the number of subsequent surgi- 
cal treatments. The pooled data for two adenoid- 
ectomy treatment groups revealed a 30% reduction 
in the number of patients needing further surgical 
treatment for those in the larger adenoid category 
compared to those in the two nonadenoidectomy 
groups (р = .018, Fisher's exact test); there was no 
similar difference for those in the small or medium- 
sized adenoid groups. 


SURGICAL COMPLICATIONS 


Surgical complications were few. Six patients had 
a persistent perforation of the tympanic membrane, 
three following myringotomy only and three after 
insertion of tympanostomy tubes. Four of these 
underwent tympanoplasty and two were lost to 
follow-up. In three instances a tube fell into the 
middle ear and became trapped when the tympanic 
membrane healed over,it. Repeat myringotomy was 
done, the tube recovered, and a new tube inserted. 
One patient in the tube group developed necrosis of 
the long process of the incus, and a myringostape- 
diopexy was performed. Only one of 251 patients 
bled after adenoidectomy and had to be returned to 
the operating room for control. Transfusion was not 
required. There were no instances of cholesteatoma 
formation. No deaths occurred. 


SUMMARY OF RESULTS 


Group 1. Outcome after the surgical control pro- 
cedure, myringotomy and aspiration of the middle 
ear contents, demonstrates the joint effects of anes- 
thesia, temporary drainage of the middle ear, and 
time upon patients with chronic otitis media with 
effusion. Fluid was present at 49% of scheduled 


visits following myringotomy; 49% of the effusions 
were bilateral and 51% were unilateral. Nine per- 
cent of the effusions were acute and 91% were 
chronic. Fifty-six percent of group 1 patients 
developed at least one episode of acute effusion and 
90% had at least one recurrence of chronic effusion. 
Thirty-nine percent of all ear examinations revealed 
effusion. The incidence of effusion was 0.239 ef- 
fusions/ear/month. The duration of recurrent effu- 
sions was 16 weeks. Twenty-two percent of the pa- 
tients had one or more episodes of otorrhea. Thirty- 
eight percent of all visits made showed hearing in 
the worse ear > 20 dB HL, апа 28% 225 dB HL. 
The median time to fluid recurrence by patient was 
94 days after operation, and by ear 63 days after 
operation. Forty-six percent of all patients required 
a second surgical procedure. Thus, we may con- 
clude that myringotomy and aspiration of the mid- 
dle ear is not an effective therapy for patients with 
chronic otitis media with effusion. 


Group 2. The second procedure, insertion of 
short-term tympanostomy tubes, demonstrates the 
effect of prolonged drainage and ventilation on the 
middle ear over and above simple tympanocentesis. 
The tubes stayed in place for a median of 181 days. 
Fluid was present at 35% of scheduled visits. Sixty- 
eight percent of effusions were unilateral, 32% 
were bilateral, 15% were acute, and 85% were 
chronic. Forty-eight percent of the children treated 
with tympanostomy tubes had at least one episode 
of acute effusion, and 85% had one or more recur- 
rences of chronic effusion. The incidence of recur- 
rence of effusion was 0.02 effusions/ear/month 
while tubes were in place and 0.22 after tube extru- 
sion. The duration of recurrent effusions was 14 
weeks. Twenty-nine percent of these patients had 
one or more episodes of otorrhea. Effusion was pres- 
ent in 4% of ear examinations prior to tube fallout, 
but increased to 31% after tube fallout. Thirty per- 
cent of all visits showed hearing in the worse ear 
>20 dB HL, and 19% 225 dB HL. The median 
time to recurrence of effusion on a by-patient basis 
was 222 days after operation, and 285 days on a by- 
ear basis. The median effusion-free period after 
tube fallout was 143 days. Twenty-four percent of 
the children required one or more surgical re-treat- 
ments. 


TABLE 22. PROPORTION OF TIME WITH EFFUSION BY PATIENT BY TREATMENT 


GROUP ACROSS THREE LEVELS OF ADENOID SIZE (MEAN + SD) 
_—Є——Є——Є—Є—Є—Є——Є—ЄЄЄ—Є—Є—Є—Є—Є—Є—Є;——Є————————————Є 


Assigned Group 


1 
Size A/N Ratio (n = 107) 
Small ( 0.368 to 0.616) 0.502 30.176 
Medium (> 0.616 to 0.864) 0.550 + 0.252 
Large (20.864 to 1.11 ) 0.492 + 0.246 
p ‚6565 
All cases 0.5132 0.249 


Size effect (p = .890) 
Size by surgery (p = .808) 


А — maximal thickness of adenoid pad on lateral radiograph, N — distance between spheno-occipital suture and base of pterygoid plate. 


2 3 4 
(n = 129) (n = 130) (n = 125) p 
0.367 x 0.211 0.364 + 0.245 0.267 0.178 
0.377 + 0.237 0.303 + 0.254 0.294 + 0.218 
0.402 + 0.242 0.383 + 0.256 0.304 + 0.230 
.9029 .4262 ‚7980 
0.350 + 0.235 0.301+0.251 0.261 + 0.208 « .0001 
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TABLE 23. TIME* TO FIRST RECURRENCE OF CHE ONIC EFFUSION BY PATIENT 
BY TREATMENT GROUP BY ABENOID SIZE 





Assigned Group 


1 2 3 

Size A/N Ratio (n = 107) (n = 129) (п = 130) (n s) 
Small ( 0.368 to 0.616) 245 + 34 134 + 22 225 + 84 
Medium (>0.616 to 0.864) 223+ 16 81+16 292 + 58 
Large (20.864 to 1.11 ) 233 + 36 95 +27 323 + 29 
РЇ .887 .993 .196 
All sizes (р = .001) 228 + 13 87+19 269 + 21 


A — maximal thickness cf adenoid pad on lateral radiograph, № — distance between spheno-occipital suture and base of pterygoid plate. 


* Median + SD number of days from operative date to recurrence date. 


TGeneralized Wilcoxon (Breslow) test. 


Group 3. The third procedure, adenoidectomy 
anc myringotomy, tested the effect of adenoid re- 
moval upon the recurrence of chronic otitis media 
wita effusion. In 30% of scheduled visits effusion of 
any type was present. Sixty-two percent of the effu- 
siors were unilateral; 38% were bilateral. Nine per- 
cent were acute and 91% were chronic. Thirty- 
eight percent of patients had one or more episodes 
of acute effusion, and 82% had one or more 
episodes of chronic effusion. Twenty-two percent of 
all ear examinations showed effusion. The in- 
cidence of recurrence of effusion was 0.132 effu- 
siors/ ear/month. Episodes of effusion lasted 13 
weeks. Eleven percent of these patients had one or 
more episodes of otor-hea. Twenty-two percent of 
all visits showed hear:ng in the worse ear = 20 dB 
HL, and 15% 225 dB HL. Fluid recurred 92 days 
after operation when calculated by patient and 173 
days when calculated by ear. Twelve percent re- 
qui-ed one or more surgical re-treatments. 


Group 4. The fourth procedure, adenoidectomy 
anc tubes, showed results similar to those of ade- 
noidectomy with myringotomy. With the exception 
of time to first recurrence of effusion, tubes gave lit- 
tle additional benefit to that accrued by ade- 
noidectomy and incu-red the highest incidence of 
otorrhea. Twenty-six percent of scheduled visits 
showed effusion. Sixty-eight percent of the effusions 
were unilateral and 32% were bilateral. Sixteen 
percent were acute and 84% were chronic. Fifty- 
five percent of these patients had one or more 
episodes of acute effusion and 82% had at least one 


TABLE 24. EFFECT OF ADENOID SIZE ON NUMBER 
OF SURGICAL RE-TREATMENTS BY PATIENT 


Assigned Group 
Мо. of 1 2 3 4 
Re-treatments SML SML SML SML 


0 11296 2273 7 187413 2774 13 
1 5262 4165 3101 490 
2 1011 04 1 110 05141 
3 020 боо 000 00 1 
Totals 17679 269313 2285 14 31 84 15 
р" 160 085 629 981 


S — small (A/N ratio of 0.388 to 0.616), М — medium (A/N ratio of 
0:616 to 0.864), L — large “A/N ratio of 0.864 to 1.11). 
* Calculated by comparing those in each group receiving no additional 
surgical therapy with those who did, for each level of adenoid size. 


recurzence of chronic effusion. Five percent of all 
ear examinations had effusion prior to tube fallout, 
but after tube fallout 23% of all ear examinations 
showed effusion. The incidence of recurrence of ef- 
fusion was 0.03 effusions/ear/month prior to tube 
fallout and 0.15 after tube extrusion. Episodes of 
effusion lasted 13 weeks. 


Tweaty-four percent of these patients had one or 
more episodes of otorrhea. Twenty-two percent of 
all visi-s showed hearing > 20 dB HL in the worse 
ear, and 14% > 25 dB HL. Fluid recurred 240 days 
after ederation on a by-patient basis and 344 days 
on a by-ear basis. However, the median effusion- 
free period after tube fallout was 195 days. Eleven 
percen- required one or more surgical re-treat- 
ment:. 


DISCUSSION 


INTERPRETATION 


In ctitis-prone children, recurrence following 
treatment is common. In the absence of a clearly 
definable, single end point, such as cure rate, we 
felt it would be desirable to use multiple measures 
of merbidity to assess treatment effectiveness. 
Through these measures we have attempted to pre- 
sent а conservative, composite picture of the out- 
comes of surgical therapy. We selected duration of 
morbicity, rather than number of recurrent epi- 
sodes. as the prime determinant of treatment suc- 
cess because we believe that time with disease is the 
most realistic yardstick of severity. 


From this viewpoint, we found that morbidity 
was significantly less in the two adenoidectomy 
groups In addition, these two groups had the few- 
est number of surgical re-treatments. Thus, we con- 
clude that adenoidectomy is effective in reducing 
morbidity from chronic otitis media with effusion. 
This efect is not influenced clinically to any appre- 
ciable Jegree by the preoperative size of the ade- 
noid. 


Tymvanostomy Tubes. Tubes alone improved all 
the outcome results from the surgical control val- 
ues, but to a lesser extent than adenoidectomy. 
Tympanostomy tubes in conjunction with adenoid- 
ectomy had essentially the same morbidity as ade- 
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noidectomy alone. Thus, we conclude that adenoid- 
ectomy exerts a more powerful effect on outcome 
than does the insertion of tympanostomy tubes. 


An important point in the interpretation of these 
results lies with the method of tabulating outcome. 
When time with effusion was calculated for each 
ear separately, adenoidectomy and myringotomy 
had a greater effect than adenoidectomy plus tym- 
panostomy tubes. When calculated by patient (ie, 
effusion in either ear), the reverse was true. How- 
ever, in both analyses, the results were not different 
statistically. Analysis by ear provides a more ac- 
curate estimate of the efficacy of the surgical tech- 
nique and the efficiency of one technique versus 
another. For example, duration of tube retention 
must be noted for each ear separately, since the 
tubes do not necessarily extrude at the same time. 
Also, even though the adenoid is a midline struc- 
ture, its removal may affect each ear differently. A 
by-patient analysis provides a better assessment of 
overall treatment effectiveness because the patient 
is the treatment unit. For example, the same anti- 
microbial therapy would be used for unilateral as 
for bilateral effusion. Both methods of analysis are 
essential to proper interpretation of studies of otitis 
media. 


The principal advantage of tympanostomy tube 
treatment appears to be the period of freedom from 
recurrent effusion while the tube is in place and 
functioning: any effusion that might have collected 
is able to drain and thus does not accumulate in the 
middle ear. If the tubes had led to resolution of the 
pathologic changes in the middle ear, we would 
have expected a longer effusion-free period after 
tube extrusion. Time spent with abnormal hearing 
was not significantly less whether a tube was used 
or not as long as adenoidectomy was performed. 


Effusion recurred significantly earlier in the non- 
tube groups, as would be expected. The greatest 
treatment differences were noted early in the first 
year. At the end of the study, the proportion of 
children or ears remaining without recurrence was 
essentially identical. In the nontube groups the rate 
of recurrent effusion was distributed evenly across 
the follow-up period, whereas in the tube groups, it 
was concentrated in the time after tube fallout, giv- 
ing the appearance of a rebound phenomenon. 


Adenoidectomy. The wide variation in experi- 
mental design and methods used in prior studies of 
adenoidectomy make direct comparisons with the 
present data difficult. Important variations include 
sample size, observer validation, entry criteria, ran- 
domization strategies, and follow-up procedures. In 
the principal studies!'*7? cited as showing a lack of 
effect of adenoidectomy, comparisons of outcome 
were made at one or a few widely spaced observa- 
tion times rather than sequentially at regular in- 
tervals; this prevented the acquisition of important 


data about recurrent interval disease. Thus, it is 
likely that these studies were not sensitive enough to 
detect differences among the treatment groups that 
might have been clinically significant. Other studies 
demonstrating a significant effect from adenoid- 
ectomy are those by Maw”? and Paradise et al.? 


Roydhouse'* randomly assigned 100 children З to 
14 years of age who had failed medical therapy to 
receive tympanostomy tubes or adenoidectomy plus 
tympanostomy tubes. Otoscopic examinations were 
limited to yearly intervals and showed a slightly 
higher no-effusion rate in the adenoidectomized 
children: 82% versus 77% after 1 year, 85% versus 
82% after 2 years, and 94% versus 84% after 3 
years. He concluded, without the benefit of statis- 
tical tests, that adenoidectomy was not effective. 
There were unequal numbers of unilateral cases, 
more being in the group with tympanostomy tubes 
only; this biased the results against the group with 
adenoidectomy plus tympanostomy tubes. 


Fiellau-Nikolajsen et al'? followed for 4 years 42 
3-year-old children randomly assigned to receive bi- 
lateral myringotomy with or without adenoid- 
ectomy; they noted no significant difference in out- 
come at any assessment interval even though the 
adenoidectomized children did better generally. In 
this study nearly half of the children had normal 
tympanograms (type А or Cl) preoperatively, in 
contradistinction to most other reports, in which as- 
surances were made to include only those with effu- 
sion. Not calculated was the beta error probability, 
but given the small sample size it is possible that a 
significant difference may have been present. 


Widemar et al^? assigned, on the basis of birth- 
date, 54 children with mucoid effusion, selected 
from 78 with chronic otitis media undergoing myr- 
ingotomy, to receive adenoidectomy or no adenoid- 
ectomy. They reported the outcome only at the sec- 
ond anniversary of the procedure and found normal 
otoscopy in 13 of 24 (54%) who had adenoidectomy 
versus 13 of 35 (37%) without adenoidectomy. 
They noted that this difference was not statistically 
significant but acknowledged that their limited 
sample size could not detect a difference between 
the groups of 30% or less. The study was flawed by 
the unequal size of the groups and biased in favor of 
no adenoidectomy by the greater number of bilater- 
al cases in the adenoidectomy group (15 of 24 
[63 % ]) versus the no-adenoidectomy group (18 of 
35 [51% ]). 


Maw” studied 103 children from 2 to 12 years old 
(mean age, 5.25 years) with bilateral chronic otitis 
media with effusion resistant to 12 weeks of anti- 
histamine treatment and randomly assigned them 
to three groups: adenotonsillectomy (n = 34), ade- 
noidectomy (n= 36), or neither (п = 33). At opera- 
tion, one ear was opened randomly and a tympan- 
ostomy tube placed; the rate of clearance of effusion 


Gates et al, Chronic Secretory «titis Media 21 


in the unoperated ear (as judged by otoscopy) served 
as the criterion of success. The clear rates cal- 
culated at 3, 6, 9, and 12 months were as follows: 
after adenoidectomy, 56%, 64%, 58%, and 72%; 
after adenotonsillectomy, 50%, 59%, 62%, and 
62%: and after neither, 22%, 26%, 19%, and 
26% , respectively. The difference between the two 
surgical groups and the control group at 12 months 
(71% versus 26%) was highly significant (р < .001), 
but the difference between the adenoidectomy and 
the adenotonsillectomy groups was not. 


Paradise et al? examined the effect of adenoidec- 
tomy in two groups of children with chronic otitis 
media with effusion recurring after prior tympanos- 
stomy tube treatment. One group was assigned ran- 
domly, and in the other, parental preference was 
used to select whether adenoidectomy was to be 
done or not. In both groups, the outcomes of the 
adenoidectomized children were significantly bet- 
ter than those of the nonadenoidectomized control 
children. 


Effect of Adenoid Size. It is fair to say that it is 
the enlarged adenoid that has been implicated in 
the pathogenesis of otitis media. However, the evi- 
dence for that assumption generally is lacking. Hib- 
bert and Stell?! compared the radiographic size of 
the adenoid in 34 children undergoing operations 
for otitis media to those admitted to the hospital for 
orthopedic problems and found no difference. Blue- 
stone et а]' and Roydhouse? failed to find а rela- 
tionship of adenoid size to outcome. More recently, 
Maw” investigated the point further and found 
adenoidectomy to be more effective in children 
with larger adenoids only at the 3-month compari- 
son point but not at later times. He did find a signif- 
icant difference in outcome favoring children 6 
years of age or older in contrast to those younger 
than 6 years. 


In the present study we could not demonstrate 
any clinically significant differences in outcome for 
any of the outcome variables regardless of whether 
comparisons were made among two, three, or four 
groupings of patients by adenoid size (halves, 
thirds, or fourths). Although there was a slight age 
main-effect, there was no interaction of age and 
adenoid size or of age and treatment group. lt 
should be noted that the age range of our patients 
was much smaller than in previous studies and that 
the minimal variation in adenoid size across the age 
of our subjects, which also was noted by F ujioka et 
al,?5 is a reflection of the patterns of growth at these 
ages. 


SOURCES OF BIAS 


Generalizability. These patients came from a 
variety of social and ethnic backgrounds. Although 
the ethnic composition was predominately 
Mexican-American, there were no substantive dif- 
ferences in outcome between these children and the 


others nor was an interaction based on ethnicity 
detec=d. Other factors held to be important in 
otitis media, such as age of patients, socioeconomic 
status. allergy, number of siblings, and laterality of 
disease, were distributed evenly across the groups 
by th= randomization process. 


Thee patients were selected on the basis of 
failur- to respond to routine medical therapy and to 
a 60--ay waiting period. This was done to avoid 
biasing the study with cases in which spontaneous 
remis=on was likely. It is our judgment that the 
case łHstories of the patients in this trial are similar 
to these of the patients referred to otolaryngologists 
for ccasideration of surgical treatment. 


The subjects in this study may be classed as 
severely affected by chronic otitis media with ef- 
fusior because they had failed repeated (in some 
cases) courses of antimicrobial therapy and most 
had a Jong history of otitis media generally. We did 
not perform case-control studies to compare the 
adencid size in our patients with others in the San 
Antor3e area unaffected by otitis media. Thus, it 
may be that the observed adenoid size distributions 
may be unique to our patient group. 


Obzervation Period and Follow-up. A 2-year 
follow-up period was chosen as a balance between 
sufficzent time to permit assessment of the events oc- 
currirs after tube extrusion and the practical prob- 
lem сї compliance with long-term follow-up. A 
longer period of postoperative observation would, 
опао! еду, have demonstrated greater time with 
morbidity, but it is not apparent from these data 
that осе group would have been more affected than 
апо =. 


Ancther potential source of bias is the 6-week 
perioc between observations. Middle ear effusion 
may come and go in a short time, and frequent ob- 
servations are needed to assess accurately the num- 
ber ard duration of recurrent episodes. Events were 
counted from the actual date of examination; no at- 
tempt was made to interpolate on the basis of time. 
Thus, # is possible that duration of effusion, time to 
first recurrence, and tube retention time may have 
been ewerestimated, and the number of recurrent 
effusicns and the time to first recurrence after tube 
fall-ov* underestimated. Although greater accuracy 
would accrue from more frequent observations, 
considerations of practicality prevented this. Since 
the follow-up procedures were applied uniformly to 
all groups, it is unlikely that this source of bias in- 
fluenced the conclusions. 


Although the focus of this study was the problem 
of chrenic middle ear effusion, there was additional 
and copreciable posttreatment morbidity from 
acute -Sfusions and otorrhea. Therefore, all types of 
effusice were recorded as morbid events. Because 
the distinction between acute and chronic effusions 
may be blurred by imprecise historical data and the 
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subjective interpretation of signs of inflammation, 
we reasoned that attempting to separate them into 
groups might be desirable but that for accuracy 
both should be counted as recurrent effusion. 


The absence of data resulting from unkept 
follow-up appointments may confound analyses. 
There was a significant difference (p = .042) in the 
mean number of visits kept across treatment groups, 
there being one visit less in group 3 than the cohort 
average. Given the large number of follow-up visits 
(> 1,500 per group), this clinically small difference 
reached statistical significance. However, in the in- 
tergroup comparisons, the only significant dif- 
ference was between group 2 and group 3, where 
group 3 had 1.7 fewer visits per child than group 2 
(р = .049). There were also significantly fewer un- 
scheduled sick visits made by group 3 as compared 
to all of the other groups (p< .05). Since in two of 
the major outcome measures patients in group 3 did 
significantly better than those in group 2, and since 
all groups were comparable in demographic char- 
acteristics as well as by history and physical exami- 
nation, it would appear that the children in group 3 
were healthier than those in group 2 after opera- 
tion, and the reason for the lower number of follow- 
up visits may be due to the problem of encouraging 
parents of well children to return them for routine 
examinations. Nonetheless, we chose to use a 
weighted analysis of variance, which adjusts for un- 
equal number of visits kept by each patient, in 
order to use all follow-up data available from all 


groups. А 


Control Group. "Treatment efficacy is best 
established by comparison to a control group. We 
considered but rejected inclusion of a no-treatment 
group because of the ethical problem of with- 
holding possibly effective treatment from patients 
who, having failed medical therapy, were likely to 
experience a prolonged time with hearing loss. 
Given what is known about the natural history of 
chronic otitis media with effusion and the standards 
of practice nationally, we might have been unable 
to obtain institutional approval, referrals to the 
study, or patient compliance. 


We have used group 1 as a surgical reference 
group to control for the joint effects upon outcome 
of an anesthetic, of evacuation of the middle ear via 
myringotomy and suction aspiration, and of time. 
We have used the differences between the outcomes 
of group 1 and the others to indicate the net effect 
of the "additional" therapy, ie, tubes, adenoid- 
ectomy, or both. 


Surgical Considerations. Because the data were 
analyzed by treatment assigned rather than re- 
ceived, it is possible that some treatment effects 
might have been obscured by the 27 patients who 
chose a different treatment from the one assigned. 
Therefore, an analysis by treatment actually re- 


ceived also was done. No appreciable difference 
was found in the outcome relationships or the levels 
of statistical significance. An additional, related 
problem resulted from patients crossing over into 
another group for re-treatment. The protocol re- 
quired crossover into a tube group for patients re- 
treated twice without tubes. In addition, some 
parents elected a repeat surgical procedure dif- 
ferent from the assigned one; most often they 
elected an upgraded assignment. Thus some re- 
treatment successes may have been "credited" to a 
lesser procedure, and this may have overestimated 
the true efficacy of that procedure. We examined 
this problem by analyzing the outcomes of the 335 
patients who received only their assigned operative 
procedure. The rank order of outcomes remained 
unchanged, as did the overall analysis of variance 
for each outcome measure. 


Grommet tympanostomy tubes of the Shepard 
type were chosen because they were the standard of 
practice when the study began. Currently, long- 
term tubes, which may stay in place for several 
years, are being used frequently. However, the rela- 
tive efficiency of the two types of tubes has not been 
compared. 


The radiographic assessment used in this study 
was a single soft-tissue lateral view of the naso- 
pharynx without the use of a cephalometric head- 
holder. A headholder was used by Maw,” but not 
by Fujioka et al.?* Thus, variations in measure- 
ments may be influenced by technical considera- 
tions. It should be noted that the mean A/N ratios 
by age in this study were substantially greater than 
those reported from the survey of 1,398 “normal” 
children done by Fujioka et al.? 


The surgical method used in this study may not 
be used by all otolaryngologists. We do not rou- 
tinely curette the fossae of Rosenmiiller, unlike 
Paradise et al.? We elected this method because it 
avoids the theoretic risk of worsening eustachian 
tube reflux should the mouth of the tube be pulled 
posteriorly by scar tissue. This technical aspect of 
adenoidectomy has not been studied in detail and 
deserves further examination. 


It should be noted that the second radiographic 
examination was done 6 months after operation in 
order to detect a time effect in the children not 
undergoing adenoidectomy. Thus, in the adenoid- 
ectomized children, the postoperative reduction in 
adenoid size may have been influenced by the ef- 
fects of time, and it is possible that an earlier exami- 
nation may have given different results. Maw et al? 
found good correlation between the radiographic 
size of the adenoid and the volume of adenoidal tis- 
sue removed at operation. Because the radiographic 
technique used herein was applied consistently to 
all patients, we presume that the internal validity of 
the technique would be sufficient to detect dif- 
ferences among the groups. 
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Although the study was designed to overcome the 
shortcomings of previous investigations, certain 
“real-world” conditions were superimposed upon 
the protocol. Although reasonable attempts were 
made to standardize the operative procedures, the 
fact that 14 otolaryngic head and neck surgeons 
were involved raises the likelihood of bias due to 
variations in surgical technique, even though 80% 
of the operations were performed by or under the 
immediate supervision of the principal investigator 
and colleagues. Because variations of this sort occur 
normally in clinical practice and because surgical 
technique was not the principal focus of the study, 
we believe that this variety may enhance the clini- 
cal validity of the study. 


Statistical Considerations. When а statistical 
analysis involves both ears of a patient who is the 
experimental unit, this must be taken into account 
or the resulting p values will be misleading.?* Since 
the surgical procedures in this trial were ran- 
domized to the patient and not to the individual 
ears, the patient is the experimental unit. For three 
of the four major outcome variables (surgical re- 
treatments, time with abnormal hearing, time with 
effusion), the fact that both ears came from one ex- 
perimental unit (patient) presented no problem. 
Surgical re-treatments were applied to patients on- 
ly, nct to ears. Time with abnormal hearing was de- 
fined for the patient's better ear (or worse ear), so 
that only one ears value was included in the 
analyses. In the analyses of time with effusion, each 
ear of a patient may or may not have had effusion at 
each visit, and the tube may or may not have ex- 
truded at each visit. Therefore, the analysis of time 
with effusion, tube-in versus tube-out, does take in- 
to account the unequal number of visits each pa- 
tient may have had with a tube in or out of each 
ear. The analyses here used a weighted average 
(weights equal to number of visits) with the tube in 
(or out) of the two ears' proportion of time with ef- 
fusion for each patient, which takes into account 
the fact that both ears belong to one experimental 
unit (patient). In addition, each patient's propor- 
tion of time with effusion and abnormal hearing 
was weighted by the number of visits kept. This was 
done since that proportion has a variance inversely 
proportional to the number of visits kept, and this 
provides optimal estimates of mean time with effu- 
sion or abnormal hearing. The analysis of time to 
first recurrence for all ears has p values that should 
be used with caution in drawing conclusions about 
treatment comparisons. They are included to pro- 
vide support in interpreting the other data. 


CLINICAL IMPLICATIONS 


In contrast to earlier studies, which evaluated the 
effect of surgery at one time or only a few times 
postoperatively, this study assessed the differences 
at multiple examinations. Thus, the current data 
provide a broader, тоге realistic estimate of the 


outcome of treatment. Because the study design in- 
corporat2s prospectively established observational 
criteria, medical pretreatment to assure a thera- 
peutically homogeneous group, randomization into 
surgical treatment groups, and standardized fol- 
low-up assessment by blinded observers, it is likely 
that differences observed among the groups are due 
to real d fferences in treatment effects. 


It is ci»ar that surgical therapy does not cure pa- 
tients wath chronic otitis media with effusion. In 
this stu&y, time with recurrent effusion was de- 
creased from its levels in the patients in the surgical 
control group (who received myringotomy only) by 
29% after placement of tympanostomy tubes, by 
38% after adenoidectomy and myringotomy, and 
by 47% after adenoidectomy and placement of 
tympanestomy tubes. Time with abnormal hearing 
was сот arable among the patients in groups 2, 3, 
and 4. 


In our judgment these differences are substantial 
enough %о justify the use of adenoidectomy in the 
primary surgical therapy for chronic otitis media 
with effmsion when medical therapy and observa- 
tion have failed and hearing loss persists. The com- 
bined morbidity from both recurrent chronic ef- 
fusion ar d intercurrent acute effusion was the least 
in group 3. Given a lower incidence of complica- 
tions in group 3 than in group 4 and essentially 
identical benefits in terms of hearing, it may well be 
that adenoidectomy and myringotomy is the most 
cost-effective treatment. Before such a presumption 
can be nade, however, further study into vari- 
ability о: costs is needed. 


Tympanostomy tubes forestall the reappearance 
of chron c effusion as long as they are in place and 
function ng, but they do not appear to reverse the 
secretor condition of the middle ear. Tubes appear 
to palliste the symptoms of chronic otitis media 
with effasion at the cost of excess morbidity from 
intercument acute infection and, possibly, a re- 
bound im the recurrent effusion rate after they ex- 
trude. Á:ter adenoidectomy and myringotomy, pa- 
tients were largely free from the principal sequela 
of tympanostomy tubes, purulent otorrhea, and 
from the need for water precautions because of 
prompt sealing of the tympanic membrane. Because 
good hezring, rather than absence of effusion, is in 
our opin_on the chief treatment goal, considerations 
such as these would suggest that reserving tym- 
panostoray tubes for recurrent chronic effusions is а 
logical txeatment strategy. 


This гтојесі did not attempt to establish the indi- 
cations for surgical treatment of chronic otitis 
media with effusion, only the effectiveness thereof. 
To pursue such a study would require different 
goals and experimental design. We believe the indi- 
cations ог surgical treatment used in this study 
were and still are in keeping with the standard of 
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surgical practice in this country. We agree with 
Muenker?! that adenoidectomy is a useful procedure 
for correction of medically resistant chronic otitis 
media with effusion and should be considered as the 
first-line procedure when surgical treatment is 
chosen. We note that surgical therapy does not cure 
otitis media with effusion—only growth of the skull 
base and maturation of the immune system can do 
that—but adenoidectomy does reduce significantly 
the morbidity from recurrent otitis media and thus 
offers a viable therapeutic option to patients severe- 
ly affected by chronic middle ear effusion. We did 
not study the effect of adenoidectomy in younger 
children with recurrent acute otitis media; that re- 
mains an open issue. 


The finding that outcome after adenoidectomy 
does not vary with adenoid size suggests that ob- 
struction of the nasopharynx per se may not be the 
primary pathogenic mechanism and that the princi- 
pal benefit of adenoidectomy is the reduction of the 
bacterial reservoir of the nasopharynx. Thus, there 
is reason to presume that the tissue remaining after 
adenoidectomy, in which the roof of the naso- 


pharynx has a smoother, more crypt-free surface, 
provides less of a haven for pathogenic bacteria. 
Given that this consequence should be similar in all 
cases, regardless of initial adenoid size, the outcome 
of this study is consistent with the reservoir hypoth- 
esis. If these data are confirmed, the need to assess 
adenoid size for rational selection of therapy would 
seem to be unnecessary. 


TREATMENT RECOMMENDATIONS 


We recommend a repeat course of antimicrobial 
therapy and at least a 60-day period of observation 
for children with chronic effusion. If the effusion 
persists and is associated with bilateral hearing loss, 
we recommend adenoidectomy and removal of the 
effusion via myringotomy. If the fluid should recur, 
and persists after repeat medical treatment associ- 
ated with bilateral hearing loss, we would recom- 
mend insertion of tympanostomy tubes. Because the 
symptomatic relief obtained from tubes appears to 
be proportional to the duration of retention, selec- 
tion of tubes with long retention times would be a 
logical, although unproven, choice. 
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APPENDICES 


TABLE A. GROUP COMPARABILITY PRETREATMENT VARIABLES 


Variables 


Categorical 


Age 
Sex 
Referral source 


Previous tubes 

Mouth breathing (history) 
Parental otitis media 
Parental ear operations 
Ethnicity 

Parental marital status 
Parental occupation 


Income 

Tympanosclerosis 

Mouth breathing on examination 
Allergy suspect 

Septum 

Parental education 


Continuous 


Age at onset of ear infection 
Number of infections in past year 
Number of children in family 
Siblings with otitis media history 
Siblings had ear surgery 

Father's age 

Mother's age 
Adenoid/nasopharyngeal ratio 


Air pure tone average dB HL, better ear 
Air pure tone average dB HL, worse ear 


Air-bone gap dB HL, better ear 
Air-bone gap dB HL, worse ear 


Possible Responses 


4 to 6.5 years; 6.5 to 9 years 
Male; female 


Private otolaryngologists; private pediatricians; private family practitioner; Santa Rosa 
Pediatric Clinic; Santa Rosa ENT Clinic; Robert B. Green Pediatric Clinic; Robert B. 
Green ENT Clinic; Robert B. Green Family Medicine Clinic; school; other 


Yes, number of times; no 

Yes; no 

None; father; mother; both 

None; father; mother; both 
Mexican-American; white; black; other 
Married; separated; divorced; other 


Executive; administrative and managerial occupations; professional specialty occupa- 
tions; health technologists and technicians, Seot health sales occupations; administrative 
support occupations, including clerical; private household occupations; protective service 
occupations; service occupations, except protective and private household; cleaning and 
building service occupations, except private айе 1 personal service occupations; 
agricultural and forestry occupations, chars hunters; precision production craft, repair 
occupations; operators, fabricators, and laborers; housewife; unemployed; disabled; stu- 
dent; other; unknown 


$0-5K; $5-10K; $10-20K; $20-30K; >$30K 

None; minimum; moderate; severe; could not evaluate 

None; mild; moderate; severe 

No; inhalant; food; inhalant and food; negative tests, positive history 
Normal; mild deviation; severe deviation 


Elementary, 3rd to 5th grade; elementary, 6th to 8th grade; high school, 1 year; high 
school, 2 years; high school, 3 years; high school, 4 years; college, 1 year; college, 2 years; 
college, 3 years; college, 4 years; college, 5 years or more; graduate school 
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TABLE Al. GROUP COMPARABILITY ON CHI-SQUARE ANALYSIS FCR ENTIRE SURGICAL COHORT (N = 491) 
Proportion of Patients With Responses 


Variabie Response 1 р 3 4 p 
History 
Age 4 to 6.5 years 0.69 0.39 0.73 0.74 .7774 
Ѕех Male 0.61 0.58 0.59 0.58 .9648 
Referral source Clinic 0.44 0.40 0.35 0.46 ‚1552 
Previous tubes None 0.94 0.37 0.97 0.96 .6401 
Mouth breathing Yes 0.64 0.52 0.49 0.43 ‚0608 
Parental otitis media No 0.66 0.70 0.61 0.56 ‚2655 
Parental ear surgery Yes 0.03 022 0.05 0.06 ‚0363 
Ethnicity Mexican-American 0.65 051 0.67 0.61 ‚6655 
Parental marital status Married 0.72 0.73 0.75 0.73 .3020 
Father’s occupation Blue collar 0.49 6460 0.54 0.54 .2415 
Mother's occupation Housewife 0.59 054 0.61 0.51 ‚5479 
Income $10K to $20K 0.38 028 0.26 0.32 ‚4091 
Physical examination 
Tympanosclerosis, right None 0.96 0296 0.97 0.98 ‚6557 
Tympanosclerosis, left None 0.97 095 0.94 0.98 .5069 
Mouth breathing None to mild 0.45 046 0.34 0.50 .0680 
Septum Normal 0.99 0 98 0.99 0.98 a 
Nasality Moderate to marked 0.56 0.58 0.63 0.55 .6207 
Allergy suspect Positive 0.10 0:06 0.13 0.09 ‚3174 
Microbiology of middle ear efusion 
Culture, right Negative 0.54 0 66 0.64 0.53 .1632 
Culture, left Negative 0.50 0 60 0.59 0.56 .5904 
Surgical data 
Fluid at operation Yes 0.89 0 84 0.87 0.89 .2456 
Tube type Grommet — 0 95 -— 0.97 .2838 
Fossa curetted Yes — — 0.20 0.17 .6597 
GROUP COMPARABILITY ON ANALYSIS OF \ ARIANCE (N = 491) 
Mean Score 
Group Group Group Group 
Variable 1 3 3 4 р 
History 
Age at first episode (yr) 2.28 217 2.34 2.31 ‚8943 
Number of ear infections in past year 2.50 225 2.63 3.02 ‚0803 
Number of children in fam.ly 2.81 282 2.83 2.63 .6559 
Number of siblings with otitis media 0.43 148 0.46 0.49 ‚9233 
Number of siblings with ear operations 0.11 211 0.12 0.11 ‚9952 
Father's educational level* 5.31 5.41 5.36 5.66 ‚7888 
Mother's educational level* 5.06 5.12 5.07 5.17 .9821 
Father's age (yr) 32.04 32.71 33.15 32.84 . 7098 
Mother's age (yr) 29.37 25.90 30.36 29.67 .5171 
Radiography 
Initial adenoid/nasopharynzeal ratio 0.72 Ll 0.72 0.70 .4805 
Audiology 
Air PTA, better ear (dB HL) 24.49 2:.13 24.86 23.93 ‚6100 
Air РТА, worse ear (dB HL) 37.26 34.41 26.12 27.05 ‚4391 
Air-bone gap, better ear (dB HL) 16.47 1€ .84 17.41 16.09 .8686 
Air-bone gap, worse ear (dB HL) 20.44 Е.99 19.36 17.00 ‚1943 


In the Appendices, the grou»s are defined as follows: group 1 — myringotomy, group 2 — tympanostomy tubes, group 3 — adenoidectomy and myr- 
ingotomy, group 4 — adenoidectomy and tympanostomy tubes. 
FTA — pure tone average. HL — hearing level. 

*See parental education in Table A. 
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TABLE A2. GROUP COMPARABILITY ON CHI-SQUARE ANALYSIS FOR COMPLETED FOLLOW-UP, AS ASSIGNED (N = 389) 
ES NUT, А5 ASSIGNED (К = 389) 
Proportion of Patients With Responses 


Group Group Group Group 
Variable Response 1 2 3 4 р 
History 
Age 4 to 6.5 years 0.68 0.71 0.75 0.76 .6049 
Sex Male 0.61 0.57 0.58 0.58 .9440 
Referral source Clinic 0.42 0.40 0.35 0.46 .2497 
Previous tubes None 0.94 0.98 0.97 0.97 .462 
Mouth breathing Yes 0.61 0.54 0.44 0.42 .031 
Parental otitis media No 0.61 0.69 0.60 0.57 .5256 
Parental ear surgery Yes 0.01 0.00 0.05 0.05 .066 
Ethnicity Mexican-American 0.69 0.62 0.71 0.64 ‚4754 
Parental marital status Married 0.73 0.75 0.75 0.72 .388 
Father's occupation Blue collar 0.50 0.63 0.56 0.53 .2598 
Mother's occupation Housewife 0.61 0.56 0.59 0.53 .8057 
Income $10K to $20K 0.37 0.29 0.26 0.29 ‚5639 
Physical examination 
Tympanosclerosis, right None 0.95 0.96 0.99 0.97 .4871 
Tympanosclerosis, left None 0.96 0.94 0.96 0.97 ‚768 
Mouth breathing None to mild 0.49 0.45 0.33 0.48 .1110 
Septum Normal 0.99 0.98 0.99 0.98 .9330 
Nasal discharge Present 0.65 0.60 0.57 0.67 .4373 
Nasality Moderate to marked 0.54 0.59 0.65 0.55 .3898 
Allergy suspect Positive 0.13 0.06 0.08 0.09 .3323 
Microbiology of middle ear effusion 
Culture, right Negative 0.56 0.68 0.63 0.51 .1935 
Culture, left Negative 0.53 0.60 0.61 0.53 .6997 
Surgical data 
Fluid at operation Yes 0.90 0.83 0.90 0.88 .4318 
Tube type Grommet — 0.94 — 0.98 .061 
Fossa curetted ' Yes — — 0.22 0.18 ‚5962 


GROUP COMPARABILITY ON ANALYSIS OF VARIANCE FOR COMPLETED FOLLOW-UP, AS ASSIGNED (N = 389) 


Mean Score 
Group Group Group Group 
Variable 1 2 3 4 p 
History 
Age at first episode (yr) 2.20 2.09 2.42 2.17 ‚5798 
Number of ear infections in past year 2.55 2.29 2.69 3.12 .1118 
Number of children in family 2.84 2.82 2.69 2.59 ‚5824 
Number of siblings with otitis media 0.44 0.48 0.44 0.45 ‚9797 
Number of siblings with ear operations 0.12 0.10 0.09 0.09 .8887 
Father’s educational level* 5.21 5.29 5.33 5.61 .7891 
Mother's educational level* 4.90 5.05 5.14 5.11 .9226 
Father's age (yr) 32.29 32.99 33.42 32.56 ‚7417 
Mother's age (yr) 29.59 30.0 30.84 29.50 .2838 
Radiography 
Initial adenoid/nasopharyngeal ratio 0.71 0.72 0.71 0.69 ‚4470 
Audiology 
Air PTA, better ear (dB HL) 24.63 23.72 24.73 24.19 .9055 
Air PTA, worse ear (dB HL) 29.43 27.15 25.97 26.82 ‚2048 
Air-bone gap, better ear (dB HL) 16.62 17.10 17.16 16.32 .9472 
Air-bone gap, worse ear (dB HL) 20.60 19.13 19.62 17.30 .3307 


"See parental education in Table А. 
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TABLE АЗ. GROUP COMPARABILITY ON CHI-SQUARE ANALYSIS FOR 
DISCONTINUED FOLLOW-UP, AS ASSEZNED (N = 102) 


с__— — ———————————:-=:=:===++—— _———— 


Proport<n of Patients With Responses 


Group | Сор Group Group 
Variable Response 1 2 3 4 p 
History 
Age 4 to 6.5 years 0.750 2.583 0.688 0.636 6473 
Sex Male 0.583 `.625 0.625 0.545 .931 
Referral source Clinic 0.50 _.391 0.344 0.455 ‚8383 
Previous tubes None 0.958 L.917 0.969 0.909 744 
Mouth breathing Yes 0.708 С.375 0.594 0.50 .1182 
Parental otitis media No 0.826 0.708 0.633 0.524 ATT 
Parental ear surgery Yes 0.087 0.083 0.065 0.091 .984 
Ethnicity Mexican-American 0.500 9.542 0.531 0.455 .933 
Parental marital status Married 0.657 9.625 0.781 0.818 ‚7705 
Father's occupation Blue collar 0.455 0.450 0.462 0.550 ‚7901 
Mother's occupation Housewife 0.542 ).435 0.688 0.409 ‚7310 
Income $10K to $20K 0.417 ).250 0.241 0.409 .8951 
Physical examination 
Tympanosclerosis, right None 1.000 ).958 0.906 1.00 ‚2921 
Tympanosclerosis, left None 1.000 2.958 0.875 0.00 ‚095 
Mouth breathing None to mild 0.333 2.522 0.367 0.591 .2211 
Septum Normal 1.00 2.958 1.00 1.00 ‚3560 
Nasal discharge Present 0.583 0.542 0.710 0.727 4354 
Nasality Moderate to marked 0.609 0.522 0.538 0.571 .9366 
Allergy suspect Positive 0.000 0.000 0.188 0.000 ‚013 
Microbiology of middle ear effusion 
Culture, right Negative 0.444 0.588 0.706 0.611 .468 
Culture, left Negative 0.357 0.600 0.524 0.727 ‚2984 
Surgical data 
Fluid at operation Yes 0.326 0.864 0.774 0.909 ‚6005 
Tube type Grommet — 0.958 — À 0.909 ‚9379 
Fossa curetted Yes —- — 0.133 0.136 .9739 


GROUP COMPARABILITY ON ANALYSIS OF VARIANCE FOR DISCGNTINUED FOLLOW-UP, AS ASSIGNED (N = 102) 
ed ee nee I eee 


Mean Score 
Group Group Group Group 
Variable 1 2 3 4 p 
History 
Age at first episode (yr) 2 58 2.54 2.10 2.95 .5383 
Number of ear infections in past year 2.29 2.08 2.42 2.55 ‚8816 
Number of children in family 2.70 2.83 3.25 2.82 ‚5409 
Number of siblings with otitis media 0.41 0.50 0.52 0.68 ‚6542 
Number of siblings with ear operations 0.04 0.13 0.19 0.23 .4363 
Father's educational level* 5.65 6.0 5.45 5.90 ‚9061 
Mother's educational level" 5.58 5.46 4.84 5.50 ‚6362 
Father's age (yr) 31.22 31.48 32.32 34.05 ‚5226 
Mother's age (yr) 28.63 29.46 28.91 30.41 .6378 
Radiography 
Initial adenoid/nasopharyngeal ratio C.74 0.70 0.75 0.72 .3920 
Audiology 
Air РТА, better ear (ДЕ HL) 24.0 20.54 25.25 22.68 .5161 
Air PTA, worse ear (dE HL) 23.96 25.67 26.56 28.14 ‚6109 
Air-bone gap, better ear (dB HL) 16.06 15.71 18.22 16.36 .9479 
Air-bone gap, worse ear (dB HL) 20.0 18.36 18.5 14.00 ‚4019 


*See parental education in Table А. 
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TABLE A4. GROUP COMPARABILITY ON CHI-SQUARE ANALYSIS FOR PATIENTS 
CLEARED PRIOR TO OPERATION, AS ASSIGNED (N = 46) 


нна RE ll ch is Ait i 
Variable Response 1 2 3 4 p 
History 


Proportion of Patients With Responses 


Group Group 


Group 


Group 


Age 4 to 6.5 years 0.333 0.857 0.625 0.857 ‚024 
Sex Male 0.667 0.643 0.500 0.714 ‚790 
Referral source Clinic 0.444 0.429 0.250 0.357 .630 
Previous tubes None 1.000 0.929 1.000 0.929 .736 
Mouth breathing Yes 0.556 0.429 0.500 0.429 ‚922 
Parental otitis media No 0.556 0.571 0.500 0.769 ‚573 
Parental ear surgery Yes 0.000 0.071 0.000 0.077 .723 
Ethnicity Mexican-American 0.889 0.786 0.875 0.714 ‚709 
Parental marital status Married 0.778 0.786 0.625 0.692 .835 
Father's occupation Blue collar 0.375 0.692 1.000 0.385 .038 
Mother's occupation Housewife 0.667 0.643 0.750 0.462 .961 
Income $10K to $20K 0.222 0.214 0.429 0.286 .887 
Physical examination 
Tympanosclerosis, right None 1.000 1.000 1.000 1.000 — 
Tympanosclerosis, left None 1.000 1.000 1.000 1.000 — 
Mouth breathing None to mild 0.444 0.714 0.500 0.571 .588 
Nasality Moderate to marked 0.333 0.500 0.375 0.538 ‚747 
Allergy suspect Positive 0.333 0.071 0.000 0.000 004 
Septum Normal 1.000 1.000 1.000 1.000 — 
Nasal discharge Present 0.778 0.500 0.875 0.643 278 


GROUP COMPARABILITY ON ANALYSIS OF VARIANCE FOR PATIENTS CLEARED PRIOR TO OPERATION (N = 46) 


Mean Score 
Group Group Group Group 
Variable 1 2 3 4 p 
History L 
Age at first episode (yr) 2.89 2.64 3.75 1.93 .1823 
Number of ear infections in past year 3.00 2.57 2.86 3.14 .9467 
Number of children in family 2.89 2.43 3.75 2.43 .1354 
Number of siblings with otitis media 0.89 0.36 0.25 0.36 .0775 
Number of siblings with ear operations 0.33 0.07 0.13 0.07 .2711 
Father's educational level* 3.78 3.92 3.43 5.38 2765 
Mother's educational level* 4.44 5.07 4.71 5.50 ‚7648 
Father's age (yr) 31.89 34.00 37.63 32.08 .3913 
Mother's age (yr) 30.11 31.36 33.25 30.69 8270 
Radiograph 
Initial adenoid/nasopharyngeal ratio 0.69 0.73 0.65 0.67 .3876 
Audiology 
Air PTA, better ear (dB HL) 13.78 21.85 19.25 21.79 .1900 
Air PTA, worse ear (dB HL) 17.67 20.54 23.50 25.00 2899 
Air-bone gap, better ear (dB HL) 10.83 13.33 15.83 18.67 ‚4742 
Air-bone gap, worse ear (dB HL) 15.33 16.78 22.00 21.00 .3675 


"See parental education in Table A. 
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TABLE A5. GROUP COMPARABILITY ON CHI-SQUARE ANALYSIS FOR PATIENTS 
WHO REFUSED SURGERY, AS ASSI - NED (N = 41) 








Рторот~оп of Patients With Responses 


Variable Response 1 2 3 4 p 

Histery 
Age 4 to 6.5 years 1.0 0.714 0.917 0.727 .1901 
Sex Male 0.455 0.714 0.667 0.545 ‚6479 
Referral source Clinic 0.636 0.286 0.667 0.636 ‚644 
Previous tubes None 1.000 1.000 1.000 1.000 - 
Mouth breathing Yes 0.455 0.429 0.333 0.545 ‚7858 
Parental otitis media No 0.80 0.857 0.667 0.727 .792 
Parental ear surgery Yes 0.000 0.000 0.000 0.000 — 
Ethnicity Mexican-American 0.545 0.714 0.583 0.727 ‚714 
Parental marital status Married 0.727 0.571 0.833 0.545 ‚438 
Father's occupation Blue collar 0.444 0.400 0.583 0.750 ‚531 
Mother's occupation Housewife 0.455 0.714 0.800 0.727 ‚350 
Income $10K to $20K 0.636 0.286 0.250 0.200 .290 

Physical examination 
Tympanosclerosis, right None 0.90 1.000 1.000 0.819 „320 
Tympanosclerosis, left None 0.90 1.00 1.00 1.00 .4242 
Mouth breathing None to mild 0 545 0.571 0.667 0.455 ‚7858 
Nasal discharge Present 0.636 0.571 0.667 0.818 ‚6925 
Nasality Moderate to marked 0.600 0.333 0.182 0.778 .0418 
Allergy suspect Positive 0.091 0.000 0.000 0.091 — 
Septum Normal 1.000 1.000 1.000 1.000 — 


GROUP COMPARABILITY ON ANALYSIS OF VARIANCE FOR PÆTIENTS WHO REFUSED OPERATION (N = 41) 


Mean Score 
Group Group Group Group 
Variable 1 2 3 4 p 
History . 
Age at first episode (yr) 2. 3.14 1.92 2.55 .4335 
Number of ear infections in past year 2.91 2.86 3.91 1.55 .1497 
Number of children in family 2.0 3.71 2.25 3.18 .0713 
Number of siblings with otitis media 0.30 0.71 0.17 0.36 .2617 
Number of siblings wita ear operations 0 0.43 0 0.09 .0075 
Father's educational level* 5.6 4.43 5.17 5.0 .3202 
Mother's educational level* 5.18 4.86 4.67 4.36 8725 
Father’s age (yr) 39.10 36.29 29.17 33.82 .0952 
Mother’s age (yr) 27.0 31.0 28.33 29.0 ‚4650 
Radiograph 
Initial adenoid/nasopharyngeal ratio 0.75 0.76 0.69 0.79 .8426 
Audiology 
Air РТА, better ear (dB HL) 19.55 27.0 24.83 21.18 .6167 
Air РТА, worse ear (dB HL) 25.0 22.83 25.42 23.18 .9746 
Air-bone gap, better ear (dB HL) 14.0 20.0 16.60 12.63 .6713 
Air-bone gap, worse ear (dB HL) 18.56 12.67 20.20 12.25 .3979 


*See parental education in Table A. 
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TABLE B. COMPARISON OF PATIENTS WHO COMPLETED FOLLOW-UP (N = 389) TO THOSE WHO DID NOT (N = 102) 


Major Outcome Measures 


Proportion of visits with effusion 
Completed follow-up group 
Dropout group 


р 


Proportion of visits with abnormal hearing 
Completed follow-up group, better ear 
Dropout group, better ear 


p 


Completed follow-up group, worse ear 
Dropout group, worse ear 


р 


Time to first recurrence of chronic effusion 
Completed follow-up group, by patient 
Dropout group, by patient 


р 


Completed follow-up group, by ear 
Dropout group, by ear 


р 


Data not available on 13 patients from dropout group. 


389 
102 


Group 1 


0.509 
0.582 


.2872 


0.182 
0.195 


.8076 
0.367 
0.424 
.3998 


54.9 
59.2 


‚7526 
66.43 
TT.13 

.359 


Стоир 2 


0.375 
0.354 


.7162 


0.102 
0.023 


‚0086 
0.303 
0.228 
‚1622 


233.18 
217.49 


‚8138 
298.00 
394.25 

‚862 


Group 3 


0.290 
0.542 


.0001 


0.068 
0.146 


.0272 
0.211 
0.296 
.1497 


112.5 
73.93 


‚5232 
216.0 
112.73 

.086 


Group 4 


0.280 
0.327 


.4086 


0.063 
0.066 


.9203 
0.224 
0.261 
.5259 


265.50 
204.50 


.6917 
411.43 
311.4 

.249 
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